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nt».-i\-'l  .K^nr. tin*;  t"  \^i  "f  llu'  IVirL.i'iu  nt  nl  t'.iniLi.i.  in  ihc  >...i<  ..n 
1  ill  'H  -..mil  riiiu  liLHulri-il  in.  I  rriu  ,  I  a  I  mi  \1i>m  i  \I'\  Ti  mi  ■*  (Mm\  i  i\>.  C' 
(H     CANAI'A.    LlMlll   h.    .It     llK     1  )^  p.ii  t  UK  1 1 1    .if      \  ki  ii.  U  !  I  U  fc  , 


I'KlilAti:     lO    SICONI)    I.DITION. 


Il  i--  ihr  inl.iiliiiii  in  ill'  li  illi  iv.  inu;  p.ii^cv  td  pi.i\i(l'' 
,iri  rliiiunl.ii  \  lixl  111  l>r  ii-iil  in  i  ■  in  |nni  I  ii  m  wiili  llv 
In  tun-,  iin  M.ilii'-  .I--  i:i\rM  in  llu  l'.iiiill\  nl  \ii|iliiil 
Si  iciii  r  .mil  l-.nLliniii  iriL;  ,il  liininli.  I 'ni\  ii -•it  \  .  Uiin:.;- 
ni/ini;  IIh-  I.hI  lli.il  ihr  slnilrn'  \it\  ullin  w.i-lrs  :i  ^ir.il 
dr. il  III  liiiu-  in  wiiikinL;  mil  thr  Irp^  lli.il  .iii-  mnilli-il 
in  mii^l  in.il  luinalii  ..I  IcxI -In  h  iks,  iln'  wiiici  li.i^  m- 
(Ir.iMiiiil  111  s^i\i-  cull  ^Irp  in  lull,  --i  unrl  iinr~  .il  llu- 
r\prn^r    i  il    i  i  mi  i-rnrs^. 

(  li.ipln--  \l\.,  \\.,  \\I.  :inil  llir  \pp.iHli\  li,i\i- 
hci-n  .iildrd  111  llir  iiii^in.il  idilimi.  Ihr  ir.idn  will  nn 
(liilil)l  niiliir  in.inv  rrprliliniis  in  lllr  pmhlrin^  pi  vrnl.d 
in  lllr  III -t  lliiri-  n.niird  i  li.iplrr^.  I  lu"-.-  pmhliiis 
(irii;in.ill\  .ippniird  in  --rri.il  Imiii  in  "llu-  I  .in.idi.ni 
l'!ny  inrri  . "  wliiili,  nl  iiilifT,  nri  r^^iKili'd  :i  l.iTi;i- 
.imiuinl  111  irprliiiiin  Iroin  wnk  In  wnk.  It  \v:is  lliciui.;lil 
lirlli-r,  hii\\r\rr,  In  piililish  ilic  prulilrrn^  in  lliis  Ixink 
jiist  ;i-  llirv  wrrc,  liir,  .is  i-\phiiiu(i  in  llu-  prrvimis  p.iiM- 
t;r.ipli,  llii-  liiMik  i--  tor  llu-  l)rt;inncr  ;ind  mil  llu-  .idv.mrrd 
studt-nl,  wliii  kiiiiws  how  and  w  lu-n-  In  lunk  Inr  pir\iini~ 
If:  I -Mill  ins;. 

The  wiili-r  wisju-^  In  .n  knnw  l(-ds;r  his  indrhtrdnrss 
111  I'mU-ssni-  ('.  II.  ('.  Writ^hl,  npnn  whnsi-  c  oursr  nl 
Icrlun-s  the  Inllnwini;  work  is  hasi-d.  and  In  I'lnfrssnr 
\\  .     |.    I.niiilnn    Inr   niaiu    \.ilnal)li-   sUL;i.;rs|inns. 

'I  lids.    K.    l.di  i)(i\. 


'Inrnnln,      \iii.;usl     ^ih,     K) 
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•  '  'in|i'  iiu nl  ^    

1\.  \|.|IM-nl \ll.l:>lH.ll       (  'dtUliliolls       nf         r     |i;| 

1  iKi  mill — C'l'iiplc- ■  ■  ■ 

\.        1  lljlcrillill.ltiull    lit      I    llkll'.un      I   1,11  r-, l^^^!Mn 

and        C'()lli;ilrs-.i    HI     Sllrss         111  llll-^s 

Mcinln  TV 

riu'    lM|iiilil)i  iuiu  <ir    I  iiiiii  iihir    l'olyu;iiii 
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'riu-   ll.Miii 

\crtic.il  .•^h'-amiy;  Inico  .uul  llnuliiiK  M'iiim  nl 
fill    St.\tiiMi,iry  1,(1.1(1^  (111  ,1  lii-aiii 

\.S.l.    .111(1    l!.M.    till     Miivin>4     1,11. Ill-    (111    .1 
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M  lit  H  \  N  I  C  S. 


Ii,  ii~  m  nir.il  inli  I  pu  i.ili.m.  ll'i  -.iili|<'l  "I  '^'i- 
,  ll.ilil,  .  tir.il-  Ml  Ihr  l..l\\-  i<\  \|i.ll.,tl,  I.I  lllr  irl.ili  Ml> 
lliil  ,\i,l  li«l\',rin  in.illri  .mil  nii.lii'ii.  ,ii;(l  i>l  llu-  l.iu- 
1,1    (•(|iiililii  iiiiii    111    wli.il    .III-    Inniril    fortes. 

I, ,,,,.,  .illh.inuli  iiiipul.ii  i\  i(L;.ir(li(l  .i-  .1  (lil'initi', 
cuniriir  iiliM,  i-  llii-  v.irnc  -or  I  nl  lliin-  .i--  \rli.iil\  1  .r 
;ii  i  rici  .ilimi,  .mil  i>  mi'.i-~uicii  !>>  'lie  i.iu'  .il  uli'uli  a 
in.i>>   1  li.mi^r...   il  ^   \  I'll"  il  \  ■ 

In  |-.iiL;inii  riiiL;  Mci  h.mii  ■-.  li-\M\rr.  il  m:i\  lirimi- 
si<l,.r-,i|  .1-  .1  (li-linilr  (|U,mni\,  .  .ip.ililr  <il  luilii;  mr, lo- 
ured, .nul  irpn-i-iilr.i  li\  .1  mimlxT,  llir  unit  nl  wiiirli 
is  ilii.   \\riL;lii   111   nil"'  iiiaind   :i\iiir(lnpnis. 

\\i-  spi..ik,  tlirrcliiir.  ill  p  ipiil.ir  phi:i-(i iIiil;\  •>\  .1 
fnnv  111  hii  piiimds,  III-  i>i  :i  lun  c  actin}«  (>n  a  body,  nr 
111  liHii-  actinjj  in  certain  dirt'Ctictns,  just  .is  it  a  limr 
Win-  :i  I  iinrnlr  thini.;,  ihrsc.  hi-ini;  mcit-ls  1  oiu  i-iiicnt , 
:illliiinL;ii  si  ii-nlilii  .illy  misli-^idini;,  mixlfs  i.l  rNpri'ssion, 
whiili  |i.i\i-  liiTii  SI.  ini^iMiiu-d  into  llic  wliolr  suhin  1  i>l 
MiTlianiis  ili.il  il  would  rci|nirf  a  \.isi  ^iniuiml  nl  1  ii- 
luininruiioii   to  .iMiid   liifir   ii"-!'. 

TJif   lollowini;   sii!)di\ision   ol    McrJKinirs   is   ^riuLills 

used  :  — 

I.      Kiiu'm.ilirs,    wliirli    iri-als   only   of    tin-    s^ronu'lry 

ol    Tiioiion. 

|)\n:imirs.    w  liirh   Ircals   ol    tlir   n-Liliolls   lirluiTii 

iiKittiT  :md  motion. 

',.  Sl.iliis,  whiih  df.ils  with  tlir  laws  of  i.(|uililiriiim 
ol    lorifs. 

.\ltl10ui4l1  llu-  sulijci  I  of  St.itii  s  alonr  will  hf  ron- 
sidrri-d  luTi\  \ft  ihf  siudfiit  should  hrar  in  mind  th.it 
the  s,.|  ond  st-i  lion,  that  of  I  )>n.iiiiirs,  treats  ol  Newton's 
I.,iws  of  Motion,  whii  h  .ire  i.;i\en  here  l)i-r:iuse  ol  their 
importaiiie,  espei  iall\  tile  'I'hird  Law,  tile  applir.ilions 
of   whirll    are   lontinually   orcurriiiL;    in    slatii'.il    jirohlems. 
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M'l'l.ll  I)      MAIIC 


Nfwton's  Laws  of  .Moti(tn. 

I.  A  IiikK  ii.ntiniii-^  in  a  s|:itr  ol  n-l  i>i  iiniliniii 
i;'(,licin  in  ,1  -.n.!iL;lit  iinr  till  (iisinrhcd  I  ii  im  ^iii  li  ,i  -l^itc 
in     ;iii    imprc'^^t  ■!    Ii  n  i  r. 

il,  (  h.in-c  mI  iiicilidii  i^  ])i(i|)(iiliiin,il  to  the  ini- 
pic^-rd  idiii-,  :ili<l  l.li^^•■^  |)l;iic  in  llli'  dlir.  lion  ..I  llu' 
i;nprr-.-((i    li  ii  (  r. 

Ill       Action  and    reaction   are    tqiial    and  opposite. 


M'l'l  II  1)      xl  M  K  S. 


(    IIAI'II.K     II. 

STATICS. 

■I'.ikinu  th.'  (Icrmiliim  ol  lli«-  -iilijfi  t  i>\  St:ili(-~  as 
-i\cn  in  ihr  l:i-l  (  liaptir,  il  i-  seen  ihat  the  .  .  .iisidnat  inn 
(il  nidlion  (Inrs  ni>l  mlcr  into  siniicil  problems.  It  may 
lit-  s.iid,  howcxcr.  that  althoiii;li  the  anal\sis  ol  motion 
piudurcd  Ol-  the  trndcniN  to  produce  motion  does  not 
. oiislitute  a  part  ol  the  ^iil)jei  t  ol  Static^,  il  i-  olti'ii  \er\ 
eonxenient  to  e\amiiii-  the  motion,  or  teiiocni  y  to  pro- 
diire  motion,  in  older  tliat  the  properties  ol  a  s;i\en 
Il  r(c   or    set    III    lorres    ma\    lie    inteHiu;entI\    olitained. 

The  only  forces  considered  in  this  treatise  are 
coplanur  forces,  or  forces  attinj*  in  one  plane. 

It  is  advisable,  hi-fore  .it  tempt  ini;  the  <!isi  i|.,-.ion 
ol'  ^tatii.il  problems,  llul  the  student  I  ,imili,iri/e  hinisell 
with    the    meaniiiijs   ol    the    terms    ei\en    below  :    - 

Mai^iiitude  A  property  whieh  admits  ol  liiinL; 
measured.  Oii:iiuities  havine  this  property  may 
\)v  relali\el\'  eoinpared. 
I  )ireetion--'rhe  eominon  idea  ol  d'leition  is  in 
realit\  eompounded  ol  two  ideas,  \i/.  :  I  he  line 
alone  whieh  a  eerl.iin  nianil\'st;ilion  nia\  t.ike 
jiLiee,  or  .aloiiL;  whieh  one  body  lies  relative  to 
.•mother  bo(l\  ;  and  whieli  way  alone  the  line 
the  nLinilestation  takes  place,  or  the  one  body 
lies  relative  to  the  other  bodv.  Direclion,  in 
the  lollowinL;  pa^es,  will  be  iinderslood  lo  me. in 
mercK'  llie  line  alone  whiih  adion  is  mani- 
fested; concisely,  line  of  action. 
Sense  -On.'  ol   two  ways  in  which  a  magnitude  m.iy 

be  described  or  ecnerated  alone  :i  direction. 
'I'hi.s     distinction     between     Direction    and      Sense    is 
more  cle.arlv    seen    b\    examples:  — 

A  bod\  i^  s.iid  to  move  \ertiialty  niiward;  i.e.,  the 
bodv  moves  in  the  vertical  direction  with  an  upward 
sense. 

\  buildiiiii  is  said  to  lie  e.isi  ol'  another  buildini.;  ; 
i.e.,  the  first  buihiint;  lies  in  the  direction  ol  .1  parallel 
ol  latitude  relalive  to  the  other  buildiiii;,  an<l  in  an 
easterlv    sense. 

A  Vector.  A  line  conceived  to  li.ive  lixed  length 
and  direction  in  space,  luit  whose  position  is  not  limited: 
i.e..   the   line   in.iv   lie  drawn   am  where. 


M'l'l   III)      ■-  I   \  I  II 


A  W'ttor  Quantity.  \n\  (|ii;iiiiii\  iKuiiiL;  tin-  pr"- 
pcrlii'^,  M,i_:i!il  iiilc,  I  )ir.i  I  inn,  iind  Srn--r,  i-  Uiiown  a~ 
.1  \  CI  liif  rjii.inl  il  \  ;  r,  u;. ,  I'nf.  r,  \  iK  ..  il  \  ,  I  Jispl.n  niiinl , 
\i  .  clriMl'ii  III.  Sill  li  (||i.inliru-^  m,i\  Iir  ciaplii'  .iHn  rrprr- 
-riilril    1)\     \  1  .  Ii  ir-. 

A  Kijjid  IJcidv  i^  iiiU'  whii^r  Mii^in.ii  Imin  i;i;iniit  lir 
•  lllrliil;    i.i-.,     lllr     IliilU      i.iMlii!     Ill pii~-.i-il,     l\h-|lllcil. 

liriil.cii.    iir   hi  111.     Sip  li    ,i    imiK,    nl    iiuir^r.    r\wl-   nii-i-rK 
in    llimrv. 


\l  TIM  I)      s  I   \  I  |(  >. 


(  II  \n  IK  III. 


(iRAi'HiCAi.   ri:i'ri:si;nt,\ti()ns    thi-.   ri;- 

Sn.TANT     CO.MI'ONI-NTS. 

(irapliical    lUprcsi'iitution  of  lorce. 

A  I'liiir.  IxiiiL;  :i  \iiti)r  (Jii:mlil\,  in,i\  In-  irpir- 
■^cnlcd  li\  .1  lii^lil  line;  liif  llir  (liitM  lidii  ol  the  line  m;i\ 
rr|iirsriil  llu  line  iil  :irliiin  nl  llir  liii(r,  ihr  iii,iL;nil  iidr 
.111(1  -m^i-  111  'ihl;  i  rprr^filtrd  li\  rir--l  (  ultiiii;  nil  ,i  jmiiion 
III  ilic  liiu'  III  ^iiiiir  idin  i-nicnl  -.r.-ilc  nt  iiuii^nil  iidr,  ;ind 
li\  tluii  pi.ii  iii^  nil  tills  porliiin  :m  airow  lu-ad  pniiilrd 
in  llir   si-iisi-  III    ,11  liiiii  (it   llic  liircc. 


I-ijS.  I. 

lii;.  I  i(prc--cnls  a  lunc  nl  hii  |inim<K  niai^niliidn 
actiiii;  ill  llu-  linri/nntal  dini  linn,  with  simim-  to  llic  left, 
as  iiidiralcd  In  tlii-  arniw  head.  llu'  scale  ol  niaL;ni- 
tiidcs  in   this  rasi-   is    '^    inch   ■--    i    pound. 

liu;.  J  rcpri'scni  s  a  set  nl  loncs  arliiii^  at  a  |)oint. 
Ill  this  diai;i'aiii  tin-  niai.;nil  udrs  ot  llu-  Imii-s  ari-  n-pii-- 
si-iitcd  l)\  tilt-  K-nL;tlis  nl  llu-  various  lines.  It  is  niti-n 
iiion-  r<in\(-iiit-nl ,  ho\\t-\t-r,  iiu-rt-K  to  ii-pns(-nt  llu-  <liri'i - 
lions  and  senses  aei  iiratelv,  and  to  plaet-  llu-  iiumei'ii  .li 
v.iliH-s    ol    the    m.iijiiilndes    lu-side    the    lines   lepresentins; 


lopds. 


the  i-esp,-(ii\e  lorres  as  in  I-'ii;.  .',.  .Sonul inu-s,  when 
l.;i-iu-r,il  conditions  art-  niea-lv  wislu-d  in  the  lorm  ol  a 
note,  the  directions  as  wt-ll  as  llu-  tii;-i;iiilu(les  art-  onlv 
rei.ni\el\  r.-presen  ed,  and  tin-  actual  (lireelion  ratios, 
.IS  Well   ,is   tin-   nia^niliides,    jotted   down   on   the   <li.iyrani 


IC 


.M'I'MI  I)      ■•  I   \  I  II 


A  (li;ii;i  .1111.  -Ill  li  ,1-  lillii  I  li-.  J,  !"  ;.  -,,  ni'  I'ii;.  4, 
ir    wlii'h    i-.    L;i\iii    .ill    llu-    iil.iliw    mli  nin.il  mn    nl    .1    -li   nl 

liii. ,-,.  wlli  \>r  iciiiiiil  III  .1-  ihr  Statical  Diuj^rum  ui  ili" 

-li    111     li  II I  r-    in    (|iir-liiin. 

How's   Notation. 

In    mill  I    lli.it    llir    i^r  .ipl'i'  .il      i  cpn-cnt;!!  ion    nl      :iny 

jl.lll  i(    lll.ll'      Inlir      Ill,l\       111'      illlriii^lilliv       .IPli      iiillii-rl\       Ir- 

liiiiil  til,  .1  -.\-lriii  III  liitriiiiu;  kniiwn  I-  Hiiw's  \iil:i- 
liiin  will  lir  ii-ril  I  111  i)iiL;liiinl  llir  wm,,  \\lunr\iT  pn-- 
-ililc.  In  llii-  nnl.itiiin,  llu-  iin-.i-.  lirtwrrn  llir  line- 
I  i-pi  r-illl  illi^  llir  liilir-  :ilr  liililrl],  ;i11ll  .1  liilir  i-  IslliiWII 
li\  ihr  liilrl-  In  till-  .llr.l-  on  r.n  ll  -illr  1  il  llir  linr  l.pir- 
M-nt  inr    I  h.i;    p.ni  ii  nl.ir    h  in  r. 

Riirriilli;  111  t  111-  Stiltii  .ll  I  )i.ir  riini  I  I'ii;.  51,  llir  Inl'i  r 
(p|  ::;i  I  piiiiiul-  i-  i.noun  ,1-  ritlur  llu-  lunr  AH  or  l>\, 
tllr  liiiir  111  ;i '  piiiind-.  .1-  rilliir  ill.'  Iiilir  lU'  1  ir  ('1>. 
:\n(\    llir    Inn  r   nl    III  piuiniN   ;is   rilllrr    tllr    Inn  (■    (A    111'     \( 
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FijJ.  5. 


The    Rt'sultant  l-orte   i-   tli.it    mic   Innr   whirh   max 

ii'pl.iir   .111(1    pinilmr    tllr    -.inir    lilrct    as    a    -rt    ot     lin'Cs. 
ll    i-    ii-ii.il    ti)    iiirr    In    llir    Kr-nll.mt    j-'orii.'    iiuirly 
as  llu    Kt'Siiltant. 


M'l'l.ll  l>      •>!  \  1  II 


I  t 


It  1-,  fviilciil  til. It  nil  result, ml  '  .m  lir  tiuind  Inr  a 
>;,.t  ,,1  IcK.-^  ill  tf|uililirium.  Hn  .iii-,.,  it  llial  khiIiI  1h- 
,!,„„•,  Ih.'i-.'  WMuld  In-  :>  -ini;lr  Innr  (llu'  ivMill.mll 
aclin!;  (Ill  the  liM(l\,  and.  tlun-lcnc,  moli.m  wmilil  taU/ 
I)ia(c.   whii  li   i-  imi)ii-.^il)K-  willi  i'<|uirilii'ium. 

The    l;i|uilibriant    or    Haluncing    l-'orcc    (.1    a    -ii   of 

tones    is    that    diU'    tniri-    wliirli,    w  iuai    ailiiii;   with   tile    srl 
(it    Inn  fs,    pi  (idih  i-s   i(|iiihhriiini. 

I  he  |-;(|iiihhriant  and  Kcsuhant  nl  an\  L;i\.n  s,i  nt 
|nr(  cs  an-  ol  ciiiial  n:aL;nit  iidr,  and  a(  t  in  th-  sairc 
diici  linn,  lint  witii  iippositc  senses;  nr  (umiselx,  they 
are  tun  e'|Ual  and  opposite  Innes.  l-nr,  sini  e  the  Ke- 
suhant  pnuhiMs  ihc  san'e  etlei  t  as  the  sel  n!  lorees,  i| 
is  inaiiilest  I  rnm  detinition  that  the  l-'.(|uililiriant  would, 
when  a(  line  with  the  Uesuhalit,  prochu  e  e(|uiiil>i  iinn. 
|-;\peiiinentail\  ,  it  iiiav  lu-  shown  that  the  oiil>  possible 
manner  in  w  hii  h  two  lorees  ai  line  on  the  same  lindv 
can  i;i\e  a  siaie  ,,1  e(|i!ilihiinm  is  that  liie\  he  ol  e'|iial 
ii'aeriitude      and      aet     in     the      same    line      with      opjiosite 


Graphical    Determination    of  the    .MaCnitudu.    Direction, 
and  Sense  of  the   Resultant  of  a  Set  of  Forces. 


l-i^.  (i. 


Fig.  (ia. 


I. el  there  he  :.;i\en  ae\  ^et  ol  tones,  hut,  to  make 
the  problem  i  lear,  let  Us  take  a  s-l  ot  lories  ai  tiiie  at 
a  point.  l-ii;.  n  is  the  Statical  diaerani  ol  this  set. 
t'hoose  aii\  initial  point  \  ..s  in  lie.  oa.  I- rom  tiiis 
point  draw  ,i  line  AT.  to  represent  accurately  the  lone  I' 
in  j-'ie,  ii.  I'roai  the  point  15,  the  line  lU'  is  drawn  to 
represent  the  lorce  O  (I  iy.  i<l  In  the  same  \\a\  the 
lines  CI),  IM;,  and  l-!h'  aie  ih'.iw  n  to  reprc';nl  tlif  tor(  I's 
S,  I,  and  W,  respeetivcK.  II  now.  the  initial  ])oint  A 
be  joined    to    the    linal    poml    I- ,    then    Ah    represents    tnii\ 


ITT, 


I  J 


MTI   nil       ^  I    M  K 


i;.,    KiMih.iiii   I.I   iIk    I(m.  (  ~   r,   n,  S     I 
I'roiif  III  this  statement  is  cxiicriiiuiital. 


W        Tht 


llir   1 1  pi  (■-.■nl.il  II  11    III    I  111-    ii'^ulliinl 


llii-  1. 1^1    (li.i- 


l.nll    ilrlKlll 


U    illl  nil',      upi  in     I  ilr    1   .l\i-     \\  ll  il 


ii     I  I'r     rcl;il  i\  r     (III  il  I  il  in-,     .iiid      in, lu  mi  ml 


ll       tlu 


lilir^  .III-  I  rpi  I  ^riili  li.  ll  ill-  i  Ii  i  i  i  i  n  m-.  nl  lllr  Inr  i-s 
iii,itl\r  ll.  iiiir  .iiiiilhir  .11,-  I  cnri'^rnl  I  il  .n  i  nr.ih'U  in  llu- 
-l.ilii.il     il'i.i_;r.ini.     llir     -im]ilr-l     \\.i\     •  ■!     i  i  ili^l  i  i!i  I  ilii;     lllf 

1 11  'I \  l; I  III   i--   111  ill  .i',\    I  111    I  I  mipi  i^in-.^    Inii  -   ));n';ill.-l   I v-- 

^iiiiiiilinu    liiir^    in    ill'    ^l.ili::il    diiii^i.ini. 


lllr    I  inl\     1 1 


^li  il  linn     lli.il 


il.ii  rd    npi  111    I  ill-    I    III- 


-I  nil  I  n  111  111    I  hi~  pi  il\  l;i  III  i- 


ili.it  the  forces  must  he  taken 


in  siith  (irtler  that  the  sense  marks  in  the  poly^fnn  point 
continuoiish    Iroin     the   initial   to   the    final     point.      I  lu 

^ni^r   iniii  1.    Ill   liir   ir^iill  ml    i^   ;il\\,i\>.   Iiuiii   tin-   imli.il    t. 
till-    rin:il    piHiit,    .111(1    i^,    .is    il    wtic,   (iiiinhi'    li>   llic    (illirr 
^rii^c    111. Ilk s. 


lig.  7. 


I' 11^.  7  sliiiws  ;iii  inipri ijHT  \\:i\  nl  I  Diisi nil iim;  the 
(li:iL;r.im.  ll  will  111-  liiilircd  lli.il  the  vcnvr  ni;irk>  dn 
nut  piiini  riinlniiidiisly  .iroiind  llu-  dia^r.im  lioni  llir 
ii'iti.il  til  tin-  lin.il  piiinl.  The  rcsiill;mt  m.i\,  linw  ex  cr, 
ill'    tiiiind    lu    a    dillcicnl    ;iiiMni;cincnt    nl    llir    rcpii'si'iit;i- 


linii^    tii.iii   ilijl    shown    111    l-m.    ii.i. 


S      slldV, 


liicnl  di. 1141:1111  piopi'iK  (  I  in^l  null  (I  with  •~cnsc  ni:irk> 
piiintiiii;  1  DntimmusK  1 1 1  nr  llu-  initial  tn  liiLiI  pninl.  Tlu' 
ir-.iilt:mt    :is   Iniind   in   lliis   kisi    i  ;isc   \\  ill   Iki-.c   i'\:irll\-  llif 


,1..      .1; 


,1 


i^^S^tiK^IS 


l-lf^^' 


^J»;^r% 


mM^M-^mmt^^^ 


\  I  ■  I  '  1  I  i  I  I  --  I  \  I  I  1  ■-  . 


•3 


111     lllr     c.l~<-     \\lll'lr     llli-     liilii-     i|m    Il'il      .1'   1      .ll      .1     |llllllt, 

llir  |ii  I M  iiliii  !•  i>  i-\.iill\  till'  ^,iii:r,  llic  Illicit  lirin^ 
ih(i-iii  in  ■~iii  ll  iJidri  lli.il  llic-  --in-r  ni.iiKs  im  lliiii 
I  i|«i  r^riil.il  ic '11^  |iiiini  .  I  Miliniii  lii^K  limn  llir  inili.il  hi  liir 
tiii.il  |ii  lint    I  ll    I  lir   iIi.il;! Mill. 

I)i,ii;i  Mill-  sin  ll  ,iv  Mi;.  1,1  .iiiil  li^.  ,s  will  I  ■ 
iciiiiiil  im  in  iiiii;i<-  .1--  Vt'ttor  I'ltljjjons  Ml-  Vfttiir 
DiajJraniS,  .mil  nui-l  nut  In-  innhisid  wilh  llir  Sl.ilii.ii 
I  >ia!L;i:iiii.  lllr  (livi  ill!  1  inn  lii-,  in  ihr  |,i,  i  tll.il  liu- 
Sl.ilii;il  1  li.ii^iMin  i;iws  .ill  iiiN  ii  iii.il  n  m  i  ii^.ndiiii^  lli- 
:irliKil  icl.ilvr  pi.-ilion-.  cil  lllr  Icinc^  :i-  llii\  lir  in  sp.ii.,', 
,|s  will  .1-  lllr  pi"(  iprri  irs  ol  lllr  liini-^;  wlirrr.is,  nllU  lllr 
iii.it;ilil  ihUn,  (lirrrl  ii  ills,  :iii(l  -.rn--r->  iil  lllr  IdiicN  nrril  lir 
known    Iil  r, 111^1  iiK  t    lllr    \rcliir    I'nhijiin. 


Fig.  8. 


I'lir  ,1  srl  1)1  Idrcrs  arlini;  ;it  a  point,  llir  rr--llll:int 
niil^t  art  tliriiiiL;li  tliis  point  in  order  to  prodiic  r  tin-  '.anir 
cllrrl.  ANo,  filler  lllr  rr|nilil)riant  arts  in  llic  same 
dirrrtion  hut  in  the  oppo^itr  srii'-c  to  tlir  n-sult.int,  tlu' 
ff|uilil)riaiit  of  a  set  of  turccs  aitint;  at  a  |-)(iinl  must  also 
art  tlirout;li  Hir  point.  I  his  s;i\rs  a  mrtliod  ot  loc  .itiiii; 
thr  rrsultanl  and  (-(iLilihrianl  ol  a  srl  of  lorrrs  ailini;  at 
a  [loint,  hul  lor  llir  yriicral  rase,  w  hrrr  liir  lonrs  ilo 
not  aci  at  ,i  |)oint,  thr  loration  ol  thr  rrsult.itit  and 
i'(|uilibriarU  (Iocs  not  a(hiiit  ol  mh  h  an  I'asv  solution,  as 
will  ln'    si'cn    laU'r. 


I 


First  Graphical  Condition  of  Hquiiihrium. 

Il  has  hi'cii  shown  that  a  set  ot   lorcrs  in  r(|Liilil)riiiiii 
can    iia\r   no   rcsullant.      1  hcrrlorr,    il    thr  \ci'tor   polvi;()ii 


I, ,.,! 


!..,!     r.,,-    1, 


•  a       !,,r. 


ll,,.    ,i;.i  . 


hrturrn   the   initi.il   and    liiial   points,   whiili    rrprrsrnts  I  lu' 


) 


M'I'I   II   II      ~  1   \  I  II 


I.  ■^llll.lnl,  inii-l  lir  iciii.il  U<  /ri(i;  i.r.,  llic  iiiili.il  :inrl 
I II  1. 1 1  p(  .iiiK  \',  ill  I  I  liii.  iilc,  or,  ill  Dihi  r  w  okU,  I  lir  |)mI\  ^mi 
,|,,-iv  I  mm  iln>,  ili.ii.  tlif  lirst  jjrapliital  cundition  of 
L't|iiilibriiiiii  is  that  the  Ncttor  p<)l\)<iin  must  thisc. 

Conipontnts. 

Il  h.i,  hiMii  |niinlic|  Mill  lli.il  .1  -.,1  III  liii,  c■■^  in:i\  t;r 
II  III. II  ell  li\  .1  -ill;^lr  liilii'.  (  i  ilU  iT^r  1  \  .  il  liMic  II1.I\  lu- 
ll   |il,li,ll      ll\       ,1      --I    I      l>l         I  W '      IIIMII         llPllCs.  I    111-        lillll-'- 

,  ..ii.pi  i-iii;;  Nui  11  .1  -I  I  .iir  known  .i-  Cllllipollt'lltS  <  il  til.' 
n  pl.i' cil  liMir.  .iiiil,  vim  1-  ill-  liinr  i^  iiilii .  Ii.iii:;im1  ilf 
\\illi  ,in\  SI  1  III  it,  I  I  iiniii  mini  V,  il  Inllnw-  tli.il  a  t'orct; 
i-,  the  resultant  (if  a  set  ol  its  conipoiitnts.  I  hi-  m:i\ 
I  1     n;i  11  I-   I  Ir  iiH    -rrii    liiiin   I'  i^;-    'i- 


I  '}?•  !•• 


I  ig.  10. 


I.ii  \l!  I  cprc-cnl  :iin  Iniii'.  W'.  \^  llir  n-~iill:int  of 
\\\.  !U  ,  (I),  ,111(1  l)i:;  i.e.,  \l-:  niiiy  n  pl.K  c  \U,  lU', 
(  I),  .111(1  1)1-,.  (  iiii\(i-.cl\.  llir  -el  \l!,  HC,  CI),  iind 
\)\:  ni;i\  npl.n  r  \\:  ;  i.e..  lli(\  iirc  :i  -it  nl  i  (Hiipuncnl -.. 
\|-!,  llic  iiri^inal  luiic,  i-.  llicii  the  rc-.iill  anl  nl  an\  ol 
il-    ((impiipcnl    vcK. 

l-'nini  lliis  lasi  vialcnunt  il  i-  seen  llial.  il  iVom  the 
iiiit'.il  point  ol  ilic  rcprcsmlalion  of  a  lunc  ,t  iiunilic! 
Ill  i'lU"  In-  (lr:,\\n  i  i  ml  ini|i'ii--l\  lill  llic  lin.il  ]ioint  i  il  the 
nrii.;inal      rcprc-cntal  ion  icaclicd,      tlic-M'      lines      will 

icprc--cnt  a.  -.ct  ol  rmnp  ..icnts.  l-ii;.  k,  vlmws  a  niinil)-,T 
ol  -cis  1,1  ciiinponcnl-.  Ui  the  lorrc  \U.  It  is  easily  seen 
lh.it    an    inlinite    niinihcr  ol    smli    sets    ina\    he    loiind. 

To  anv  force  there  mav  be  found  an  infinite  number 
of  sets  of  components. 


Resolved   Parts. 

In  main    ol    the  prohlenis  ol    .St;itirs,   it    is  coinenient 


III  ri»ri->uii  r  .a  ii 


reni.ii'eci    :)v    .a    se; 


ii;n;ii::;ri;: 


and    in    (irder   to    i^ixe    deliniteness    to    the    prohlem,    il    is 


M'I'I  II  II      ■-  I   \  I  |i   ^. 


15 


I 


li^ii.il    1.1    iipl.iic    1. 11-    niii^in.d    lull  I-    In     I  vv m|)i  ini'iil - 

\\h(i>r  (111  (■(  liciii-.  :iii'  ini  lini'il  ,il  lii^lil  .iiiul''--  '"  "i"' 
.iiiiillici.  Sill  h  .1  p. Ill  ipl  1  iimpciiirnl  s  .ire  kniiwn  .i-- 
Kl'Solvcil  Parts,  ^md  -^mi  r  ^1  p.iii  III  n-^iiKri!  p:iil--  iiin^t 
;il\\,i\-.    .lit    |)irpi'n(lii  ul.ii  l\      •<   niic    iiiiullhi,   tlir  ijirriti'in 


lifS-   li- 


ng.  12. 

of  oiif  rc>^i)l\  i-(l  p:irt  hciiii;  u;i\fii  tixt-s  llu'  dinrliim  iit 
tile  ri'iiKiiniiii;  ih-siiI\c(1  p;iil.  I'lu-  npcratioii  ol  liiKl'mi; 
tile  \;ilui'  <it  ;i  p;iir  ol  rt'sohcd  p.irts  in  :in\  s.;i\fn  dircr- 
ti()Ti^  tlKit  '.iw  n^'VwwAi'.'vAur  to  out'  iittothtT.  !>  ktv>\\!> 
.IS   resolving   llu-   original   Utrvv   in   tliosf  directions. 


'^fSSEssL^^t-JliiiWHULJ^^i 


Ifl 
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l'-\.iiii|ili'  : 

\  \'<\<f  'il  ;.  I  |i(Min(U  .III,  Iwii  i/i  iiil.illv  111  ihi'  ii-lil. 
iiiiii    liii'    111. 1^  mi  mil'    III    .1    |i.iii    III    ic,ii|\((|    |i.iii,,    one   nl 

wlilill    1-    illi   illli  (I    111    ihi-    111  11  l/iilll.ll    .ll     lllillv     (li;;ni-,. 

I  Mill  ihr  --lllllilll  ll.i--  hiiiinir  l.illlili.il  willi  lIli- 
111111.1111111  ill  m^iiKiiil;  liiiirv,  ii  i,  i(l\  i^.ilili'  III  (li.i\i  ,1 
iiiil^h  •;!  .ipliii  .li  I  i|iir~(lil  .ilii  111  111  llii  liiiii-  ,ii,il  ihi' 
n'i|llilrll      Ir^iiKrd     H.ill-.,      ,111(1      lllill,     ll.iin      lllr     ll.il.i,      lliu! 

li\    1  ri^i  miiiiirl  I  ll  .ll    incMiiN    llic    iiijiiiinl    v.iiiii-, 

l.rl     \l>   i\-\'^.    \i<   1  i|ii  I  -I  111    ilii-   l;i\iii   liiiii.      \(     .mil 

(    l>     i\i(li   lllh      1  i|ll  1  ^illl      lllr    lrl|llillll     li^nUiil     ]l.lll,.      Im 

\*     iii.ikr--   .III    .mL;lc   111     ill      uilli    lllr   111  II  i/i  iiil.il,    .mil   (   11 
i--    |iri  |iiiii|ii  iil.n     |i  I     \(   .      I  Inn 


\(  \|;    .  .,-.     ;n  5< 


^3 


(    1 1  \  I!    viii     i(  I  t'  1    •     '    .         -'  ^, 

wliiili  >_;i\c^  llii-  iii.Il;  nil  mlr^  nl  tin-  ir-nKrd  |i.iil^  in 
li-l  111,    III      I  lie     I  11  li;lll.il     l(  II  I  r. 

Illric  .111  tliirr  iilllil  iiuicil  siiluliiiu,  li>  llli'  ])r(i- 
lili-m    w  llii  ll   .111-    -111  i\\  n    in    I   i^.     i  j. 

\r,  (  r.  ;  \(  ',  (  'I!;  \(  ',  ("K  arc  i-,s,,K,(l  |.,iH-. 
\\  llii  ll     lill    lllr    1  ci|llirrmrnl  -    nl    lllr    |niililrin. 


Rfsolvud   Part.s   I'crpt-ndiciilar  and  Parallel  to  a   Given 

rorce. 


AC,  (  li;     \(  '.   (    n.   ;an\  \C\   C"H    (lii;.    i;,l    roprr- 

<rnl    vrt-    111     ir'-nl\r(l    pari-    ol     .\H.       lllr     (lirrilions    of 

*■•    .      ^-    ,    .:::•:      '.l        .t:r    ;r-jrr:  ii'.r:'.     ::r.::t.-:    It;   ruin:  itirtiit: 

wilh    ihf   (liiiiiion    ol     .\I{.       Tlit.-   diri-rlions    of    CB,    C'B, 


■* 


\l-l'l  II  ll     -  I  .  ,  I'  ■-,  I  J" 

.imi  t  H.  nil  llii  miIh  I  li.ind,  .nr  •<  -;ir'  li\i  1\  ninir  niMiK 
I'll  I"  11(11.  III. II     111     \l!         M-.i.      \»         i.    ni',111'1     llir    v.iliic'   III 

\l>  III. in  At  ,  .111(1  (  I.  1-  I  lii-i  I  -1.  llic  \.iliic  /(111  ill. Ill 
'    l>.     <  I  iiisi  ijiii  II 1 1\  .    1 1     \  I  >   Ik     I  (  -i  iI  ■  I  (I    in   (III  (  .  I II  in->   (  ( lin- 

iilinl     with    .iiui    |i(  I  |ii  lulu  iil.ii     I..    il~ill,    llir    ni.iL;nil  iiilr-. 

I.I      Ihc     KsiiUrd     n.lll-     '.'iilll.l    III'     ■.■~|l,  .    liv  (   I\      clill.il     In      \H 

iiiil  /(III.  Ill  ^iii  i.il.  iIkii.  the  ina)*nitiidc  ol  a  rcM'lxcd 
part    pcrpciuliiiilar    to  a    (fj^cn     litrcc    is    C(|iial    to    /tro, 

ml  the  corrc>p<iiulin;i  rtsolxccl  part.  \\hi>>f  (lirctlioii 
iniiNt  he  coiiitiilciit  with  the  fiiwu  liircc.  is  equal  to 
the  jJiNcii   Inrte. 

Ilnri/iintal  ami    Vertical    Resol\ed    Parts. 

ill  1  II V  III!  II  iiil;  -i.iIii.iI  |)i  I  liiiciii^.  it  In  (  ii^h  iin.ifv, 
iinicvN  III  licMv  i-c  ~l,il(ii,  III  i.inlini  .iiliiilinn  In  ir-dUcd 
p.iiK    ill    tlif     111  II  i/i  inl.il     .111(1    \iiii.  .il     dii  II  liiiiiv,    .iiiil    ill 

I'lilil  lll.ll  llu^i  lll.lV  lir  1  I  nil  i-i  '■.  mI(II((1  Io,  lllc  lliili- 
/iinl.i!  icvdKcd  p. Ill  i,  ,  .illiil  liic  .\,  .111(1  ihr  Ncilii.d 
ic-ii|\cd  p. Ill  llir  \  III  till-  till.  I  111  (|iicn|  il  III.  rmilur- 
iiiiiii-,  .1^  will  III-  --1111,  ^ini  !■  till  .-.iliilinn  III  ii!.ii|\  pni- 
liliiii--  di  pi  lids  npi'ii  llii'  .i!l;i1h  .11.  simiin.il  imi  .i|  ihu 
\"-  .mil  \  's  1,1  .1  Nil  III  InlicN,  .1  .  nln  illl  inn  ,i-  in  l!ic 
pii-.ili\i-  .111(1  ncr.ilivr  -.i^n  ,,|  \'^  .mil  \\  niii^t  Ik- 
.ii.;i(('d   iipnii. 

Horizontal  resolved  parts  (X  s)  actiiiji  to  the  rij^ht 
and  vertical  resolved  parts  {\"--'  attinji  upward  shall 
be  considered  positive. 

.'Nlaj'nitudes  ol    the    X    and    V    oi   any    lorce   whose 
Inclination  to  the   Hori/ontal   is   (iiven. 

Ill  \l'>  (j-iu-  I  )'  npn-'^inl  .i  Imii-  nl  in;iynii  dt-  I'. 
il  llir  ilK  lin.iliiill  I.I  ihr  line  n|  .,,  linll  nl  lllc  rnr(c  ;,>  the 
iin'i/iinl.il  III-  ill!  .iprlr  .'  .,.,  -liiiwii,  iliin  \(  ■  iiiid  CU 
rcprrscnl     \  r    .nid    ^  r   rr-~pri  I  i\  ii\  . 

\|-  \(  \i!    rn.    .  1'    ,   n-,    a, 

^   I'  (    i!  \\\     -ill  I'     -ill    a. 


54 


il  I'  :i'  1  III  llir  Irll  .1-  rrpic-rnird  ll\  A!!',  ,in(l  tlu^ 
.ini;lr  III  inilin;itinii  -iill  rcm;iii!  ;\  \i'  i-  iirL;ali\r,  hut 
it-  m.li^niltldr  i-  -lili  i;i\rn  1>\  I'  n-  -.  Ihr  ^  I'  i-  pn-i- 
li\r   and    -till   III    iiM-iiii  iiilr    I'   -in    -■. 

It  i-  -rrii.  ihrii,  ih.il  ihr  m.i  i^  nit  lidr  nl  tile  \  (if  .-iliv 
Iniir.     iiir-pri  li\  r     nl     il-    -1^11.    i-      L;i\rn     liv     tllr    product 

ol    the    magnitude    of    the    force   and    the    cosine    of    the 


WMakMMMbi 


MTI   II  11      ^  I   \  I  II   > 


uii^lc  (ill  inclinatiiin  to  the  liori/ontal  I  he  in.i>;niiiiil. 
"I  ilir  \  i,\  .iii\  Imi,  (■  is  i;i\,ii  |,\  ill,,  priidiiit  of  the 
nia^iiiditJc  of  the  forte  and  the  >ine  of  the  a^^le  of 
inclination  to  the  horiAontal. 


The  X  and  V  of  Horizontal  and  Vertical  I'orces. 

Il    I'    111'    .1    lidi  i/iinl.il    liiiir,    llirii  "       1 1,    .iiid 

\r       I'   .  CI-    "       I*   I  MS    ,,  I', 

\  r      I'   sin   J       I '   sin  < 1  i i 

Il     I'    111-    .1     \  til  li  .ll     Inl  1  1   ,     llun     "  iMi    ,     .111(1 

\  I"      rills'^      I  •  I  1  IS  1  ^  >  4  (. 

^'l■      I'    sill    c<      I'    sin    i|ii  I'. 

Ili.ii  is:  The  horizontal  resolved  part  of  a  horizontal 

force  and  the  vertical  resolved  part  of  a  vertical  force 
are  hoth  equal  to  the  force  itself. 

The    vertical     resolved    part    of  a    horizontal     force 

and  the  horizontal  resolved  part  of  a  vertical  force  are 
hoth  equal  to  zero. 


"  '■•Ti'TrrrrrTiHijg^nnr'-'nnrfrrPTF 
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I<) 


f^SB^S^Si^S^^S^SS^^ILi 


\\ 


\ii'i  II  I)     ■•  I  M  II 


MiM.II  1)       ■  I  \  I  H 


ll 


nmwiwieja-^gawflMMi 


\M'I  n  l>      s  I  \  M( 


(II  \i'i  i:k  i\' 


.MO.MHNTS     ANAI.VTICAI.     CONDITIONS     01 

i-Qrii.iHHir.M    coi  ri.i-s 

II  :i  I,(,<1\  he  piniUM  il  ~i.riic  'Hir  p.. ml  iiiid  ;i(  Ird 
oil  li\  ;in\  l<H.  (■  iiol  ]);i^-ini^  tlu'umli  llii-  puinl,  tluTc  will 
hi'  pi(p(iiiic(l  .1  iiil.ilidii,  <ir  .1  h-nilvn.  \  If  inl.ilr.  II  a 
iiiw  iMiihl  l-.r  I  hii^rii,  Ml-  il  a  lu-w  Im|.  (■  1«-  iiilrndurrd, 
ihis    Iciidciii  \     In    rolalc    will    .lUn    .  li.iiii;r. 

Il  ina\  ill-  sIk.wm  tli.il  tin-  Inrniiii;  riliil  \.iric>  :!•> 
llif  piddih  I  111  llu-  in.iL;niludr  i  .1  tlir  Ici,  r  and  the  ]ht- 
p.iidic  ular  divlaiirc  nl  llu-  \i<v><-  lri>iii  the  pninl.  lo  lllis 
jnodiK  I    iv    ^i\rn   tlif    naiiii-    <i\    llu-    .Moment    >>l    llir    hue  c. 


I  ig.  i:.. 


I  )i  liiiitiiin  ;  — 

The  monifiit  of  a  f()rce  about  a  }»i\en  point  is  the 
{iroduct  of  tliL'  magnitude  of  the  force  and  the  per- 
pendicular distance  of  the  point  from  the  line  of  action 
of  the  force. 

Sinrc  il  i-.  iillrii  iin  (■ssar\  In  lird  llir  alm'lir.nr  '-inn 
I.I  ihi'  momiiiK  111  .1  ~i-l  III  tiiiii--  aliiHit  sonu-  inn-  point, 
a  I  iiii\  riiliiin  a'-  In  ihr  pnsiTiM-  and  n,rL;ali\r  ^il^n  "I 
niiinicnl-.  li.i--  In  hr  iL;i<vd  npnn.  In  all  Inr  Inllowiiii,' 
piiililini^,    forces    which    produce    or    tend    to    produce 
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rotation  of  the  bodv  acted  upon  about  the  point  in 
question  in  the  sense  of  the  motion  of  the  hands  of  a 
clock  have  positive  moments. 

Il  ni.iv  I..-  -:iiil  Iht.-  tli.it  ilir  mlu-r  sriiM-  ol  lolalmn 
i,    x,,v     nitrn    UM-.l    ,1.    tlu-   [.nsitiv,-.     It    r.-;illy     -iors    not 

,„,,„,.,■■  ul,i,h  ,,,iurniinn  is  uM-l  as  long  as  one  con- 
vention is  adhered  to  throughout  the  same  problem. 

\s  .,n  illuMi-.ition,  let  I'  .11"!  U  l'-'^-  '.^'  ri\»v».ut 
lu,,  h,n,-  aiiin-  <m  ,1  l>n(l\  .  and  Irt  A  l.i-  any  point  in 
II,,.  1„k1\.  .1  and  1.  I..'iiii;  tl'"  p.Ti.rndirular  diManr.-^  ol 
1'   .md   O,    icsp,-.  ti\il\,    lioiii   tin-      Mait    A. 

|,n;7-inini;    tlu-  lio.h    to  In-   pinnrd   at    A,    \Uv   ton  <■   1 
u.Hild   r.uiM-   ...    I.nd  to  ,,,iis,-    a    rot., lion    ol    tlir    l.odv    m 
,|„,   ,,,unl.r  .lo,  UwiM-   s.n-..   .,1    motion.      1  In-   nioin.-nt    ot 
I'   about    A  is,   tliruloiT,    nc-ativ.',   :an\   ni.i>    h^■  .  on.  is.-ly 

w  I  ittl'II  — 

Ml'      —  r.a. 

rnd.T   the    s.nnc   .onditions,    (J  uould   ■  .uis,-   or    tend 
t,,  ,;nisc  .1   rol.ition  ol   tlir  liodv    in   \\\v   saiiu-   srnsc  as  llie 
„„,,•„„,   ,,|    ,|„.    iKnuls   ol    a    do.  U.    O,    in   .-ons.-iu.'nri',    is 
s.iid   to  lia\r   a   positi\(.   inomrnt,   sn   thai  — 
M.i         ■  (,).l'. 


I 


Analvtical   Determination  of  the  Resultant. 

To  show  that  -X     Xk   and  -V     Yk. 

I.fl  AlKDI':  (lis;.  i"t  '»■  iIh-  \\-.  tor  l>ol\i;on  ol  a 
set  ol  loi-(  rs,  tlu'  v.sultanl  ol  wliirh  it  is  ii.-(|uirfd  to  Imd 
an.ilv  tiralh  . 


'I 


M'l'l  III)      ^  I   ',  I  II 


lliii'::^li  \  ili.i'.'  \\  111  iiini'^riit  llu-  In  ui/i  inl  ,il 
'liiiiliiiii  .mil  III. Ill  11,  t  ,  I),  .iiiil  I-.  iliiip  pel  pciiilii  iiiiiis 
li>  \  \  ,  iiilri  --r.  I  iii^  \  \  ,il  I  ,  '  1,  II.  .mil  \  ,  I  i--pri  liv  t-l\  . 
Illliiil-li  I!.  '>,  :iliil  i:  I'l.iu  P.M.  1)1.,  .111(1  KI-;  p.n.illrl 
ii>  W.  iiilci -I  .  liii-  (d  ,mil  1)11  .11  M,  !.,  .111(1  K, 
I  ("-pi  ■  1 1\  il\  . 

I  he  111  n  i/iinl.il  .mil  \iilli.il  iiNnlvrd  p.irl-,  of  llic 
li.nr-  icpiiMiilcl  li\  \l!.  |,(  ,  (  I),  .1,1(1  !)}■;  ,,i,.  upn'- 
Mlllrd    Ii\    I  111-    li  ijli  iw  in   •     liiu-s  :     - 


Xiii        lai       |(,. 
Nil.      I.I)     (,ll 

.\hi     Ki:    ii\ 


^■M^  1- H    (;m. 

\  III  M(  . 

y>  i>        i.( . 

\'\>\  Kl) 


I  )cnii|  iiii.;  llir  .ili;rlir.iii  -.iim  nl  thr  In  iri/ 1  inl;il  ic- 
voImiI  p.iiK  l)\  1\  .111(1  llic  .il^clir.iii  viiiii  III  Ihc  \crtii:i! 
r(v(i|\,.(l    |):ii|s   Ii\    >.\ 

^X      .\  Ml      .\i;i        \.  I,      \i)i  . 

r       \l  1(,         (,ll  ||\, 

Iiiil     \\       X  \i       111  >ii/iint.il    ii-.m1\  rd    p:iT-t  !•    rr- 

siill.int  ;    i.e.,    -X      Xi-'. 

-N       N  \i;      ^  111       ^  I  I)     Vi^r. 
t.M      M(  i.C      -11.. 

(.1     xi;. 

Hilt  Xr;  N\i  \iTlir;il  rcsdlxcd  part  (if  the  rc- 
^iiltjiit  ;    i.e.,    -^■      \'t<. 

II  llif  iniTm.iliun  ul  llic  line  ol  ailion  uf  the 
n"-iilt;mt   Al'.   in  tin-  limi/iintal   lu-  dfiinlcd  hv    a,   tlu'ii  — 

XI-:       IN' 


AX       :^x 

and  K     \i;     s  \x  ■  XI-:     %  IX  ■  :l^  . 


To   show  that   ^.M     .Mk. 


I'lHlsidcr  :m\    two   rune-,,    1',   O,   a^   in    l-'ii;.    i -. 

I  )ctcrniinc,  l)\  im-aii-.  ol  the  vcitdr  piihs^mi,  llu; 
'■•■■-iil'int  K  111  I'  and  O.  Ilii.,  rc-ullanl  will  art  al  I), 
till-  inliT-i-i  linn  III   tlu-   liiu-v  ol    .-iiiion  nl   i'  and  (.). 


M'i'i  nil     -  ;  \  1 II 


limine    :ill\     |)iiinl      \    .iliiiul    w 


In,  h    I..   I, ill-   ii;iini<nl- 


\    K 


I  )    .,11(1    lliinu-li     \    <li:i\\    :i    liiK'    p.ii.illrl    li.    til 


line   111    ;i(  tuiil    ( 


lidiii    Ilir    Inn- 
rc-.|nc  I  i\  r\\ . 


il    llii-   rr^il 


ll.iiil    K.    inlr|-^c'  linu 


l'i\  ,.1\  .      riir   pi'i  jH'iidii  111. 11    (li^l.iii' 


.1     \ 


>l    .!<  Imii 


,1    I',   (  ),   .111(1   K    .lie   1>,   .1.   -iii'l 


V'ector  Polyj^on 

Fig.  17. 


tlif    liiu--    lU),    DC,    ,111(1 


1^( 


arc     sitii:itr(_l 


aliM'lv   111  line  another,    a-- 


\x<i   llic  (lirccliiiii- 


)l    1'.   <), 


(1    R,    Ihf     ir 


i.iiii'lc     ni)C     niav   he    taki'H     a-    :i    Nottor 


.•r%^ 


M'I'I  II  h      ■-  I  \  I  H   ■-. 


]ii  .|\  ^1  m    ( il      t  hr    li  ■! 
lli.il     - 


I  (■-    I',    (  ),    .liiil     llicir     ic-nll Jill    K,    ■>!) 


1'        l!l):   (J        l)(    ;    K        !U  . 

I  .ikin:^    1111  iiiiciil  ^  ,ilii  uil     \  — 

M|.  IM.  KD.h  -•    ^    Ai'.l). 

My      —  y.a      -    I>l  .:i  -   ^   M'^- 

Mk'    —  R.<-      -   lU  .(  .■   -^    UIK  . 

nciKilin-  llir  .il^iliiMii  -iiin  (il  llif  iiiiiiiifiit-^  111  llu' 
foi.  ,-.    I'   ,111(1  n   li>    ^M 

:iM        Ml'        M... 

_   ..     A      \|?|)  2     ^      \\)C. 

—  J  ^   Hl)(  . 

Hut  —  J  -i    Kl)(  Mi;. 

■I'li.iclun-,        ^M         Mi;. 

■|  IkiI  is.  ill,-  ;ilL;clir.iii  sum  iil  llic  mumcnls  dl  l  \\  1 1 
l(.ii<s  ;il)ciiil  ,in\  ])iiiiil  is  r(|iKil  Id  llic  mciinrnl  (il  llicir 
ifsull.iiil    .ihiiiil    llu-  s.iiiu-   piiinl. 


I-ifi.    IS. 


rii.il  llu-  iwiMil  ill  llu-  l:isi  proposiiicin  will  :ip])l\  to 
a  I  :is(-  \\  lu-ii-  llu-  si-l  111  liirii-s  is  niiirc  lh;m  Iwn  in 
mimlii-r  m.i\  In-  sc-i-ii  h\  'onsidt-rin;.;  a  scl  ol  Icnics  surli 
as  I',  (J.  S,  and  I  ii-pn-scnh-d  in  l-is.;.  iS.  I'  and  O  may 
111-  nplai  i-d  1)\  lluir  n-sullanl  1-^  i  ,  si  >  that  1\  i  ,  S,  and  T 
an-  ctiuixalrnl  lu  llu-  (iiii^in.'il  scl  nl  torrcs.  Ki  and  ."^ 
iiiav  1)1-  ii-plai  cd  h\  lluir  ii-sullanl  l\J,  l(-a\in>;  l\  _'  and  I 
as  rc|iii\  .ili-nl  In  llu-  iirii^inal  Imir  Imii-s;  thai  is,  am 
niimln-r  nl  li  ii  i  i-s  i  iiniprisinL;  a  srl  iii.i\  In-  linalK  n-dui  rd 
111  an  i-(|iii\  alcnl   pair  nl   Inni-s  lu    sui  h  a   s\  sU-ni  nl   i  nni- 

Kinin.i        .iwl     ^  lit  >^t  i  I  1 1 1  i  n  . .      r- .^  ,  1 1 1  ■.  ii  1  ^         'tll't      In     til'-      lit!    it      i»-iir 


.,,    iniiiu!    lu.iv    1m-    .i|'|'li''l    '!"■    I'""'i'">^   I"""'-     There- 
fore, -.^'      Mi^'  f'""  ''">  '*'■''  "'  *<""»^»-"^- 

'li,  |.,^,  I-,  111,'  ixiini  \  n\\KU\  li.iM-  l"'ii  t.iK'ii  I" 
.,v,i,.l  Mlhn  p,,-.ili.>ii'^  ivI.HiM'  I-  I'.  <J-  •"»'  ''^-  "  ''"• 
,„,inl  !»•  I.ikrn  in  llu-  liiu-  -I  ,Mli,in  ,.l  .ilh.-r  1'  .>r  (J,  llir 
,,„,„„.,„  ,,,  ,.l,|„r  I-  or  O,  r.-l"'  I'^'-l^  ^^"<''''  '"■  '"".'■ 
II  ill,'  poini  In-  l.ik.-n  In  llu  linr  nl  ,i.  lion  ol  K.  i'  i- 
,\i,l.nl  iIkiI  .1  iu-«  .(inslrnition  niuM  I..-  .i,\is.-(l.  In  lln- 
,  ,,M-.  ili.iw  ihnuii^li  llu-  point  .i  linr  p:ir,ill.l  to  lillu-r  tlu- 
|,v,,  ,'■  I'  ni  ().  iirodiicinL;  ii  lo  inl.-r-r.  I  llu-  liiu-  ol  ;m  lion 
.,i  llu-  ivm.ii'nin-  Ion.-.  llu-  Ii  i.ni-1.-  -o  loinu-d  ni.iv  In- 
,;,U,.n  ;,s  ,1  \,-.  loi  poUuon  .,^  )u-lorr  .md  llu-  ■,;inu-  prool 
applied,  llu-   numunl    ol    i<    Im  in^   /no, 

I  .iliiil.ilinL;    llu-^i-    .in.ilMi'  -d    v.  -nil-  :  — 


l.-ni   => 


IS 


^\ 


U        v^\         ^N 


|-r,,in  llu--r,  llu-  m.ii^nil  nd.-,  dii.-Mi..ii,  -.-n-.-,  .nul 
l,.,,,li,,n  ol  llu-  !>-Mill,nit  ol  .,ii\  M-1  ol  Ion-,-  ni^iv  lu- 
lnll\    dcli-riniiK-d. 

Analytical  C(»nditions  of   F.qiiilihrium. 

Il  ha-  pr.-\iou-l\  li.-.-n  -lu.un  llu, I  ,,  m-1  ol  lor.  <■-  in 
,-,|uilihrinin  <  ;ni  hav  n.i  r.-sullan!.  l-r.un  ibi-  it  l.'llou- 
thai  -in..'  Ih.-  \.iln.-  ..I  the  i.-ullani  i-  /'<>>.  tlu-  \.  N, 
and   M   .il    K   nm-t    l>.-.-(|Ual   1..  /it...   .md  .  . Mi-(-(|U.-ntl y  :^ 

:i\      o. 

i:V  o. 

:iM      o. 

arc  the    anahli.  .il    ...ndili.m-    ..I    .-fiuilihriuni. 


Couples. 

Definition :  A  couple  is  a  pair  of  equal  forces  wliicli 
act   in  parallel  directions  witli   opposite   senses. 

1-i-.  1. 1  r,-pr.--.-nl-  a  ..uipl.-.  Ih.-  I\v.>  l..iv.-  ^irf  "t 
n-.aLinitudi-   1',   -md   art-   a   ili-lan.  >-  a   apart. 

il  llu-  \.-.t..r  pol\i;..n  1..-  drawn  L.r  th.--.-  two  t.tr.i- 
il    iiiii-l    n.-.-(-----aril>    .  lo-c 

l.,-l  "  '»■  till'  .inL;li-  that  tlu-  dir.  ■  tion-  ol  tlu-  l..r.  <■- 
niakf    w  ith    llu-   iuu  i/oiital. 


,j^  \  ri'i  II  II     ^  I  \  I  h  -. 

\|,,,|\i,,-     llir     .iii.ilMi.  .il     .Mndilicii-     -\,     -^  .     .in<i 

:i\  I'   -in    ^         I'    -in     '         I'. 

I.ilsin-  MiMiiicnl-  .ill. .Ill  ,in\  l'..ii.l  \  (li-l.inl  x  Iniin 
1.1, 1-    I .!    llir    I.  .n  r- 

IM         I'    1,1        \i        I'    V         I'-i- 

ll  \  h,  i.ik,  n  ill  ,iin  ..ill.  1  |i(i-ili.>n,  il  i-  IliukI  iI'-i' 
ill,-  ,,-uh  i-  ,il\\.i\-  lli>-  --ll"''.  •ii"l  -''"•'■  ''  ■""'  ■'  ■"•■  '"'"'' 
.  .  .n-l,iiil- 

1\1        I'., I        t  . .11-1, ml. 

Siiniin,ii\  ; 

|.,„    ,1   ,  ,',i,iilc,    llun,    ill.     \r,\i<v   i)..l\-..n    niii-l    .l..-<-. 

IN 

i\l         I'.. I        (,.11-1, ml. 


MTl  IIP      ~|  \  111   ~.  •*') 

Three  I  iirtcs   in   l.qiiilihriiim. 
Three  L.rtes  in  equilibrium  must  ha>e  lines  oj  action 
which  intersect  at  a  common  point. 

„,ihi,',  i.'i  r.  »,>•  ■""'  ""  ''■'•^-  '■'-''  '"' 

l.iki-     inoincnl-.     .ilxuil     lli<' 
.1    1'   .iM.i   <) 


|,,i-    ^M    inil-t 


11    II    \M'i.-  ;i' 
t],i ,  ,.     t,,i .  <■-    in    c'|iiililii  liiin. 
,„,i,il    <>.   thr   inl.i-M  Ih.n  ..1    til.-   lin«-  "I    •"'""1 

'  IM        Mr        M'..        M-- 

I'.,,    .    (J.n        S.:i. 

S..1  ; 

i  ,.       ,1,.-M.   f..r,  .-  cnmut    l.f    in   .■<|uilil.rinni,   I.T 

,.■,,,,',1   /,.,,,  lor  :,   vrt  of   fi>r..'-  in  .■.|uilil..  mm. 

■      1,   l...Ni,l,n..  l,ov, ■-•.-,  Ih.il  il   tl..-.li^l;n..'.i  l..-.nu's 

„.,.,     ,l,.n    i..    ih-   lin..  ..I    .Hiinn  .,1    S    ,.:,^M.~   ^Uvnn^U    (  >. 

,,,,,    ^M    u'.nM   .iN-  lMT,.nu..-|W:.l   !■-   /'•"'  .'"'!    >!"■   ihr.-.' 

I,,,-,.,,   vxnuM   !»■   in   .•.|uiHl.rinni,   pn-xid.-.l.   -I   '■■uv-'-.   ll':.t 

r.-  ^V  i>      iiirl     -\  I',      wi'ir     :il-i> 

tiir     olluT     (..ndnion-,     -A         <i    ■111" 

III"'"''''-  .  I  .  ,1       ,,,,1 

,,;„..   ,..:„•.   .1   .1   I-int    in   nnl-r   tli.il    ^\:.n.l   -N     I-  • 'l":il 

AJ 


Fig.  131. 

,o  /.•.<..  It  i^  imr.-ly  Uial  ^M  ni;i.v  .qiuil  /.•.■,>  Inr  thrco 
Iniv,-^  lli:il  tlu'  :il>o\v  <-.in(litinn  inn-t  1k'  I  iilliHi-'l. » 

The  reader   mur^t   clearlv   understand   that  every   set 
of  three  forces  which  .:ts  at  a  point  is  not  in  equilibrium ; 

l„a  i,  ,hnv  lonv.  -AW  in  .-riMilihrium,  tlu-y  nniM  lullil  tlio 
,.,,n,li.i..n  .•nunri,,t.-(l  ;,t  the  In-innin^;  ot  tin,  pn.po- 
-ilion. 
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il 
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M'PI    II   !• 


.  I  \  I  II 


MTMI  0      >  1  M  II 


V 


I  II  \l'l  IK   \ 

I)ITI  HMIN'ATION    or    INKNOWN    I OHCHS 
TINSION   AND  COMI'HI-SSION     STHHSS 

IN  THiss  mi:.mi»i:rs. 


l.cl     Ml;      -•"  r.'piisriu    ,i    pi. ink    r.-viiii-    >>\\    .m    .ilml- 

,,,,.,,1  A  Ml.  ii  111. It  I"  i'''-i  ^ii"i  .;"  I"'  "'  ''"■  '"'■''  1"-"-''' 

,,\,.||i,inL:  K'  iIk'  I<I'  •"I'l  li^'"'  I'M"-'  'i^''.^-  "  ""' 
p,„in(i-  !»■  pl.M.il  i>n  llir  l.ll  li.ind  .t"!  "I  'l"'  1»:imi,  wh.il 
iniiM  \n-  thr  nKii^nil  iiilr  d  ill-'  lui,  ■•  1'  .N.Mr.l  .il  iIm' 
,,,li,T  .•nd  in  Mid.-i  to  prrM-i\c  .•.niiiiln  inin,  .in.l  uli:i1  i- 
llu-    ni;iuniln(U'   i>\    llir  .ilmlnirnt    rcailinn     \  .' 

Cinsid.i-  llu'  lic.ini  ,1-  ;i  rii;i<l  ^><"h-  ""'  I'"'"'" 
.„iln-  im  llic  l'<«i>  .IK-:  I  I"'  ^ilnilnu-nl  ic.i.linn,  .n  ihil; 
\rilir;ill>  upu.iKi  uilli  .1  m:ii;nilu(l.-  "1  A  p..un<U,  ,,n(i 
111,-  luo   liincN   III    ni:ii;iiiliiilc.    KX)   .md    I'   puuiuls,   a.  Iinii 


It:  i 


/oo 


i 


1^--  /o  ---);- 


Fig.  20. 


v50 


J 


vcrlir.iilv    (l()\vnu;ii-(l,    and     iIicm'     llirc-     Imifs     arr     in 
r(|uilil)riuni;    llu-ritorf,    -X      o,    -^■     <>,   and    -M      o. 

\p|)lv    iIhsc   analytiiai    ronditinns    i.l    i-(|uilil)r'uini  :  — 


i^\      Xiuo      \\  •  Xi-     o. 

o-o-o     o    -iiicc    all    tlif    forces    art    \iTti- 
rallv. 


:\'    \' u«)    N\    ^■|'   o. 

—  loo  -  A  —  1'  -  o. 
A  —  V      iof> 


li) 


'i'akf  niniiicnls  alxxit  any  point  in  tlir  al)iitnicnl, 
s:iv,  H.  (Tlu-  loincniinn  as  to  posili\i'  and  m-i^alise 
nionu-nts   must    he   kept    in   mind.) 


SEl 


_  i .      ,i.> 


' ? fc^iii  "--u ■■',■<»-■ 


\iri  Mil     ~  I  \  I  11  ~. 
.\1       \li,..      \|\      Mr      1. 

Ill    .1    r.  ;i.    - 

1 
I' 


llli-lillllill-     llli-     \    illU-    1.1      r    I h1     III     I  .'  ■    inln    I  I  I. 


Il  \\  ill  lir  iii.li.  Ill  lli.il  llii'  riiiMliiin  -\  II  u.iM- 
.l,.,,liil,l\  111.  inliii  in.ilii.n,  .iml  .il-.i  lli.il  il  I'  I'.hI  I'l'i'ii 
ill,.  i,iil\  (|ii,iiilil\  ii'|iiiriil,  llii'  ii|ii.iliiiii  -M  1'  \'iiiilil 
Ii,,\,.  -Ivrii  il  ;  lli.il  i-,  il  i-  iii'l  .il\\.t\-  n.ir^-;iiv  In  u-r 
,,11  till,,'  ri|ii.il  iiiii>  til  ImiiI  ,111  iliikiii  i\\  II  (]li.iiil  it  \  .  \^  111 
■  v  hi,  h  MM.  -Ii.iiilil  111'  11-1  il  till-  :i  i^i^in  iH.iIilrm  m  V.  lirlli.  I 
(\l,,  1,1-  .ill  llll.r  ll.ni  1.1  111  'l-rd,  cXp.Tl.ll.  r  .lli.llr  ill 
.^Miil.in-  pioliliiiw  will  -i\r  till'  -liiiliiil  lllf  ;iliilil\  111 
,1,  liTiiiiiu  llii-  ,il  mill'  li\  iii-|iii  lii.ii.  \..  ini~l,ik.  ..Ill 
|„.    iii.id,  ,    lii.wrMT,    li\     ll-ilU;    ,ill    llini-    r(|ii:iliiin~. 

Il  ,,  ^,1  111  l.iirr^  .lie  ill  n  |iiilil  H  i  ilin .  il  dm-  iml 
-iuiiilx  .iliniil  wIkiI  |ii.iiil  iiiiinifiiK  .IT  l.ikrii  ;  lull  II  i- 
11,  -I  III  1  liiin-r  ,1  ii.iiiil  ill  ll'.-  liiif  111  :ii  linn  I'l  '""■  "I  'I''' 
iiiiLiiiiw  11  lor.  r^,  liir  li\  --ll  diiiiii;  llii'  iiiiinicnl  nl  lli.il 
I,, I,,  hii  iiiiic-  c'lii.il  111  /nil,  tlui-  I Timiii.irni;;  ;iii  im- 
Kni.i'.  II  (|ii.iiilil\  .mil  iii:iUin>.:  il  ••.--iMc  In  -.iKi  iIh' 
in.ililriii    w  illi  i.iir  1  (iiLiliiiii   il    lluTr  ...1    '!nl>    I  w  i .  iinkm  iwii 

Il  :l  .   1    -     ill     l|ni-l  il  111. 


.Uiiitinciit  Wcattions. 

\-\'^.  -■  1  ri'pirvcnl-,  .1  nil---  -iippiiilcd  nil  l\Mi  ;iluil- 
iiiciils;  r((|iiiicd  In  tiiid  llu-  \  .ihit-  nl  lllr  ;i!illl  iiU'iil  riMr- 
ti..ii-.     \|-;    ;in(i    DC. 

I.rl  the  iinknnwn  \.iliu-  nl  W]  :ind  \n'  lie  1'  .iiid  O. 
rc-pri  li\  il\  . 

'I'llr  llll---  i-  .1.  lid  lipnil  l'\  :i  -i''  "I  nnt^idr  Inni's 
w  lli.il  .ire  in  ((inililii  iiiiii  ;  tlu-iclnic,  Inr  llii-  -el  nt  Inn  (■■^, 
1\      n,    1\'      n.    .md   i-M      <>. 

r.ikr  iiiniiiciil-  iiliniil  .iii\  pnini  in  llu'linc  nl  :i.  lin.t 
nl    filiin     .rnilimrlll    ii-.iiiinn,    -.i\,    iH   . 
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^M      Mm       Mmi      Mil.       M, 


\li 


I'.       )ll  I  C  H  >.     ;<  I  II  H   I.    I  C  I  (    ) 


(  )  I  i  H  ),   Jl  )  «  I. 


1  c  M  )  I  :i  I       III       Jl  M      I ). 


^\    \ 


Ml         >   111 


^  .  I.    ^  I. 


I,«l    () 


< )     I  ;< 


ft. , . 


'I 


ir     Uni-    I 


if    Ihr    l.isl 


rillLllliin     Is,    m     .1     sell- 


f,     sliprr- 


•ii -,    |,,i    -iiii  r   ilu-   .iliiilniciils   su])|)nii    all   ibi-   Iii.kI,    ,inil 

il  "iir  .iliiilntinl  lie  liiinul  In  snj  poil  i  ^u  piiiinds,  ilim 
llu-  iilhcT-  imisi  sii|)piiri  ill,-  ii-ih,iiii<!ir  ,,\  ilic  In. id.  Ii  i> 
wi'll   Inr  ilii-  -.indriil,   liii\M-\ii,   losi-r  ih.ii    ihjs  n-.isiinin>' 


illv    1, 


lipiMl      lllC     idlullllDII 


Tension  and   Compression. 


II    .1    -Irri 
.1    n  siill.inl    lull 


Ali    (l-ii;.    J.M   rest    :ii;,iin>l   :i    w.ili   .ind 


I' 


1)1-   iMTird    ;il 


,ii:.iin-.|    1  hr  l);ii-,    1 1 


i.ir   1- 


.11(1  III  l>r  m  compression. 


Kccpin;:;       in     111111(1 


\c\\l. 


HI  s    tliinl 


,iu    ill      nuiliun, 


'li'ii    million   :in(i     rciitiim    .iii'    ftuKil    and    (ipposiu',    it    is 
i\iiliiil    lli.it   ;il    l>  there   iiiiisl   he  .i   torce  exerled  ciint  r.irv 


11(1    ef|ii:i|    to    I>.      Tl 


11-   Is   indnMted  liv 


I).      II 


.ili\    sei  Hon 


(■    1 
rtieli 


le    e\ailime(l,     ll     ,ilsi>    Inllnw-,      thai      Ihe    i  i; 


;ht 


I1U1--I   lie  e\eri  'iit;  ;i  for 


Is    resisted    li\     the    l-'i    i 
!■;  :ind   I 


ce  cfni.il 


land     i)ailirle' 


to  I',  \\  hirh 
iiidic.ited    hv 


urn  111!'  at  the  end 


A,  1 


lere  is  exerti-d  a   push 


Vn 


,u 


M'l'l.ll  1)      M   \  I  M   ■,. 


Il  ;i  ■~\ii'\  l);ir  Al!  {\-\u..  J  ^  I  lie  ;iiri\r(l  li>  :iil  :il)llt- 
iiiciil  ,111(1  .1  ic^iill.ml  liiici-  I''  he  i\irli(l  so  .i^  |.i  lend 
1(1   |iiill    llii-   liiir   .i\\.i\    troiii    llic    .il  Mil  mml ,    the    Ikit   is   s^id 

111  Ik    in  tension. 

Al  K  lliiic  mii-l  lie  i-\iilr(l  wii  <'|u;il  .Hid  ( ipjicisitc 
lipiri-  1(1  1'  ,is  indie  .lied  li\  I).  :ind  .il  llic  end  \  llic  l):ir 
cMTls  :i  pnil  (111  llic  .iliiil  nil  111  :is  slinwn  li'.  li.  Il  .iii\ 
■-(■'liiiii  (  lie  I  ( 111  ~idcr((l,  il  liillii\\>  lliiil  llic  in.ilcri.il 
lend-  In  Ic.ir  ;i|),iil;  lli.il  i-,  llic  limi-s  :iiliiiL;  :il  llic 
sc'lion    mu-l    lie    -mil    ;i-    rcprc-cnlcd   In     \:    :ind    \. 

In  lidlli  llii  -c  r.i-cs  llic  li.ii-  ;irc  -aid  In  he  -trc--cd, 
-Ire--  liciiii;  .1  rc-i-l.iiiie  In  i  li.iiiL^c  iil  -li.ipc,  and  inii-I 
iiiil  lie  (iiiilii-cd  willi  llic  Iciiii  -li.iin,  wliiili  rclci-  to 
llic  iliaiii^c   ill   dinicii-iiin   (\\\r   lii   -Ire--. 

In  l:<  111  i.il.  If  at  any  .section  of  a  Ixicly  it  is  found 
tliat  the  resultant  of  the  forces  acting  at  the  section 
acts  ajiainst  the  section,  the  hodv  is  said  to  he  in 
compri.'ssion :  or,  if  this  resultant  is  found  to  he  actinf< 
awav  from  the  section,  the  hodv  is  in  tension. 


.-I 


^     A 


/J 


I  ig.  22. 
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Fig.  'l\\. 
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The   Stress  in   Truss   .Members. 

'llic  lolldwinc  pidhlciii  indii  ale-  the  prdcednrc  in 
ditciiiiininL;  -11C--C-  ill  llic  iiiciiiIk  ;  -  ol  a  Iranicd  -tnic- 
turc.  rile  nil--  clio-cn  lo  illii-lialc  llii-  i-  known  a-  a 
(aiililcMi,  llic  priiii  ipic  ol  wliiili  i-  applied  in  hiiduc 
liuildinc  ihc  world  omt.  'i'lic  example  i;i\cn  i-  iici  cs- 
-arih  .a  \cr\  -implc  ca-c.  luil  .  while  dilln  ullic-  ni.iy 
aii-c  in  oilier  prolilciii-  rclalini;  to  -Ire--  in  Irii-- 
nicnihcr-,  llie\'  arc  loiind  to  he  ihic  lo  l.ii  !■:  ol  knowlcdi^c 
a-  to  where  to  !)ci;iii  llic  prohlcin  rather  than  to  any 
ih.iiim'  in  the  piiiii  ipIc  imoUcd.  I!\pcricnic  in  workiiii,' 
|)riihlciii-  i-  the  onl\    rcinedv    lor  thi-  la-t-nanicd  oh-ta(  Ic. 


M'I'I  II  l<     s  I  \  1  |( 
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Graphical   Solution. 

l-ii^.  .v(  uprcsciits  :i  i:intilc\cr  supiHirl iiii;  ,i  Ih.kI 
lit    Kid  piiiinds. 

Considi-r  the  Icmccs  ,iclini;  .a  tlu-  iviinl  \IU'.  In 
order  1(1  fix  iiiu-'s  idi-is  un  the  point  in  (|iiisi  i(in,  ii  is 
idw^iv-  :id\  is.ililc  lo  dr.iw  :i  si.iiir.d  dij^r. nn  lor  iIkiI 
point,    pl.K  inu;    on    it    :dl   tlir    known    d:il:i. 

li^;.  -'5  i-  the  st.ili(.d  di.ii^r.nii  lor  tiif  point  AIU'. 
I  lir  loll  ,-s  ,11  liiii^  :il  this  point  .in-  in  f(|iiiiil)iinin,  oiu' 
hi'ins^  coniplrlciy  kno\Mi,  the  otiicr  l\\<i,  \l!  ;m(l  ('\, 
Ixiiii;  only  p.irli.illy  l<no\\n:  i.e.,  tlu-ir  dinilioiis  ;nc 
known.  Such  forces  as  AB  and  CA  will  always  he 
referred   to  us  unknown  forces. 


m 


Fig.  24. 


l-'roni  .my  inili:ii  point  15  IJ-'i^.  jo|  dr:iu  .i  lino 
l),ir.illfi  to  lU'  in  l-iw.  _.-  to  rfprcscnt  tho  diri-ction  of 
the  lone  JU'.  Cut  oil  lU',  in  j-'i;,;.  jo,  to  rcj)ri's(nt  .-i 
nuiiLiiiittid.'  ol  KH)  pounds,  pJarint;  llic  scnst-  in,irk  from 
H    to   C,    thus   lot:iiiy    represent ini,'  tile    lone    iU'. 

l-'rom  ('  (i-ii^,  JO)  draw  a  line  i)arallei  to  (  \  in 
l-ii;.    J5.     \ow,    siiii  e   the   m.i^nitiide   of   the  force   (A    is 


■rf^ 


If 


y> 


\rri  III'    ^  I  \  I  li  ~. 


iinkniiwn,  il  i-  .il  pn^cnl  ^iciniiiL;!)  impdsNiMr  In  li":ilr 
ihr  piiiril  \  Mil  ihl-.  nrw  lilir,  su  ih.il  t  \  ili:i\  irpirvcnt 
ill,-  loi.r  (  \.  lliiwiMi.  il  i--  kniiwii  til. It  lllr  Inii.'s 
IK  ,  (  \,  .mil  \l!  ;iir  in  r(|uililirium,  lidin  wliiili  il 
li.jliAv^  lli.il  il  llir  \rilnr  |)(iI\l;i>:i  l"'  dr.iwn  l"r  liic--.- 
|i,|.  r^  il  mii^l  ilii^r.  Sii,  lllrll,  I  inlll  vninr  poinl  ft  lllc 
|,i-,|  line-  (liiiwn  liiiiii  <  .1  ill. 1(1  lini'  niii^t  In-  <lr,i\Mi 
p.,i:illcl  1..  \r.  li-i-.  J^i,  -u>  h  lli.il  il  will  p;i--  llinMi^li 
I!     (Iil;.     jmi,     lllilrll\     iliivin^     lllr     \cil<il-     piil\i;iin.        Illi^ 

i-  111  -.1  ,11  I  I  iiiipiisliiil  1)\  ili.iwiiiL;  llirmii^l,  !'>  .i  lini- 
p,ii,illrl  In  \i;  ll  i^.  J^l,  inhi-^ri  liiiL;  lllr  (illuT  liiic-  l:i>l 
(li.iwii,    :ii     \.      Il   i-  i\i(li-nl    Irnin   'iu'   pir\imi>   (lis,  ii^^ii,n 


/oo 


li^. 


I  ij;.  IT. 


||,;i|       (V       .,,,,1        \|',     !|i-.     Jill     ]•(  pi.-illt       mmplclrl)      llu- 
liilhiiiii    iinKnnwii    Inrrc-   CV    :iiul     \i'>,    lluir    -,n-,-    h.inu; 

sill  11    .IS    111    i;i\ niinuiiiis    siiisr    Inim    llic    iniliiil    pninl 

Id    ihr    lin;il    pninl     III     llu-    pnl\i^nll     .|s    iiulir;il  id. 

l-'iiiiii    llu-   il.il.i    nn    llu'    -^l.ilii  :il    diiii^iMin    llu     lri.inL;lr 
I'.C  \    is    ;i    li(i      rii^lll    ;illL;l.-d    lli.in-lr.      Il    Inllnws    lh;il    siiii  I- 

lOO 

lie    ri-prrs,-iiis    1,-..   pnuiuls,    (    \   An<\    AT.    rcprrsciil    -   — - 

JIK)  ^  .^ 

:md  pi  mnds,    n  ~pi-i  ll\i  ly. 

I  l;i(  iiii;     lllr    s.-iis,-   nl    ('\    :ind     \l>    :is    liuind    in    tin- 
\i-ilnr   iinht'liii,    nil   tiif    si;iiii-.il   di.iL;r:iin.    il    is  s,-i-n    ih.il 


I--.-,^ 


\rri  III)    -^  I  \  I II 


<    \ 


■ir[~.   :is4;iin>i    ihc   |)iiinl    ,111(1     \1)   .i\\,i\    linin    the   |)i>inl 


111'    mcmlici 


(A 


1^,     Ihi'lrlcilr,     111 


I  ini|>ii-.-i(in    ;in( 


I    \u 


11.  Iriisiiin   lo  liic  I'Mriit    i  il        -      pi>iiiuls  ;in(l  pound-. 

rispi:  1 1\  il\  .      |l-(ir    ihr    i  ci-i  miiiL;    mi    U-n-imi    .md    inm- 
pn-ssion    -II-  p:ii;r    ;4.  1 


I-  tin-    sl.iln  ;il    (Ihii'iMm    Inr    11 


Si 


111  !■    t  ,ir    nirmbcr 


\U 


1-    in    icii-iim,    llicrr   i- 


tnri 


ill  liiii;   :i\\  ,i\    IriJin  ill 


t     \IW)   n-    i 


lie    I  \\  I)  Ion 


l!l) 


DA 


r   pnlll 
uw  unkn.iwn. 


nt    Alii). 

.1    kmiuii 
iiirii'.ilcd. 


Rflrrriny     li>    l-'iy.     jS,    AH 


Us     tlu'     k 


f. 


A  15 


K 


11)111  n  is  (Ir.iwn  :i  liiu'  m  rt-prt'st'iu  the 
(liicitiun  ol  tlu"  unknown  Tone  151),  ind  from  A  a  liin' 
is    diMwn    to    represent    llir    diifrtion   ol     tlu'   serond    un- 


k 


now  11    lorn 


DA.      11 


iL'-c    1\M)   lines    intciscit    .it    I).      I5D 


;incl   DA   represent   the   unknown   tones   HI)  miuI    DA,  .iiul 


leiMiise     the     lri;mL;le 


ABD 


is   t  (|i.ikiter.il     (Ironi     '.it.'i), 


HI)   and    DA    must     e.ul 


irh     he  e(|lK 


to  AH  ;     i.e.,  ol 


pnuiKis   ni.-imiilude.     HI)   .lels   aw.iv   froin  tlu>   jioint  AHD 
and    DA   against    the    point.      The    nienihers    HI)   an<l    I).\ 


are,   llurelore,   in   tension   .and 


I  onipression.   respect  ivel v. 


The    results   ol    the    preredint;    solution    are    <;i\en    '  i 
Fi^.      J(),      ronipression      .and      leiision      niemhers      In 
shown    l)\     thirkened    and    lii^lit    lines,    respertiv  elv. 


i\ 


all 
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Analytical  Solution. 


/oo 


.\ppl\-   the  ;iii;i!\tii',il  londitioiis  ol   (■(|iiilihri\im  to  llic 
U-    \i;(     .Mul   AHI). 
I'oinl    AlU:  — 


:\      ^'l  i;     ^  n\     ^■\<      o. 


15  \   sin  I 


H)  ■       <)  O. 


HA 


In--   p(>>-ili\c  n 


--ull    --liiiw  ■-   iIkiI    iIk'   Nii\   is   p 


DsltU  c. 

I!A,   llu-ifinrc,   .Ills  :iu;i\    iKiin   llu-   point    AIH';   i.r.,   tin- 


ihir   HA   is   in   Iriisinn  poniuis. 

-X       Xi  II       Xn\        X  \r       o. 

O iv\     1  OS     (1(1         ■        '\('  O. 


JCK)         I 


—   r   Af        o. 


lOO 


AC 


■^^Jli^f^- 


^;.  ^^^  ■^^■^!^^^>-v 


'^■^^i-^^^!'^^^ 


"^^gh 


Al'l'l.II  D     >I\IR? 
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I'r.)tii    the   positive   Rsult,    tlie    \  \(     is   |K)sili\L';    i.e., 
.\('   :ii  Is   ai^.iiiist    liu-    piiinl.      I  ho   moinher    .\C    is,    thcrc- 

loo 
lore,    in   (  oni])rissioii pouiuls. 

Point    ARI):— 


-\'     y  \\;     ^'ul)     \i>\     o. 

.\H   sin  iio      -    o    ■    I )  \   sin   i  «>         n. 


^ 


I).\    is   in   c  onipressioi) pounds. 

-X  \\H  \l!I)     •      \l>\  o. 

AH  (OS  i„,         IM)       l)\  Ids  (.<)        o. 
151)  (  \l!        |)\|  ros  oo  . 

200  JOO  I 


if 


V  ;  \ 


Hi)    is    in    tension    pounds 


In  tlie  l.ist  two  e(|U.iti<>ns  the  reasoniiii,'  as  lo  wjiv 
llie  nic?nl)ers  .ire  in  eonipression  and  leiisioii  lias  hi'en 
lelt  out.  'liu-  siiidenl  is  advised  to  woik  this  out  himself 
from  the  rt'.isoniny  in  the  fronier  e(|uations  for  liie 
point    \H(". 

Tiiese  resuhs,  found  ,in,ilytii',il!\  ,  ehei  k  those  found 
tjra|>hieail\-.  It  will  he  iiotired  lliat  in  the  anah  tie.il 
sohilion  the  use  ol  the  <'(|Uation  -M  w.is  not  neeessarv. 
Cases  will  .arise,  however,  where  .ill  three  e(|U.ilions  h.avo 
to  he  \ise(|,  and  only  exiieiienee  ran  te.ic  h  vvhieli  eqn.'i- 
tion  should  he  lirst  used  to  the  greatest  idv.inl,ii;e  in 
t^etliiii;  (|uiek  results.  \o  mistake  i-.an  he  made  in  usiny; 
any  oiu^  ol  the  efjuations  lirst,  hu!  it  will  s(M)n  Ix'  seen 
that    sinnillaneoiis    e(|U.itions    mav    often    he    avoided. 
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THi:    KQril.lHRir.M    OR    I  INICriAR    I'OI.VCiON. 

1  iu"  \'<Ttiii'  I'olyi^on  ,i;i\os  the  m.ii;nitii(!<',  (ilrcilion, 
and  sense  of  tjic  Resultant  of  a  set  of  f(>r(ts,  hut  cIihs 
not  (leletininc  the  true  position  of  the  line  of  ailion  of 
this  Resullant.  'I'iie  prohlem  of  locatinij  the  Rcsuhaiit 
may  I)e  accomplished  hy  means  of  what  is  ttTmed  tiie 
I'>|uilibriuni   Polyjjon. 

Let  V,  Q,  and  S  (lig.  1-19)  be  any  set  of  co-planar 
forces,  tlie   Resultant  of  which  it  is  required  to  locate. 

In  a  previous  discussion,  it  was  shown  tiiat  tile  si/o 
.and  shape  of  the  body  acted  upon  can  in  no  way  alter  tiic 
position  of  the  line  of  action  of  the  Resultant  and  I^quili- 
briant  of  a  set  of  forces;  in  other  words,  the  Resultant 
and  Equilibriant  are  independent  of  the  size  and  shape 
of  the  body  acted  upon.  This  Ikmue,'  the  case,  it  will  l^e 
shown  tiiat  the  position  of  the  I-quiiibriant  and  Resultant 
may  Ik;  determined  by  replacini,'  the  orii;inal  body  by  an 
unbrac<.(l,  fr«'e-jointed  frame,  the  sh.aix;  of  which  will 
give  the  desired  information. 

ABCP)  (Fig.  i5«)  is  a  \'ector  Polygon  for  the  forces 
F,  Q  and  S.  DA  evidently  represents  the  Balancing 
Force  or  Ivquilibriant  of  this  set  of  forces. 
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It  is  <\i(l<tii  ih.it  if  the  Mquilihriant  can  he  located, 

the    position    of   the    Kesulta-t   will   also  be    known,   Im 

llic  lM|uililiii:inl  .•iiul  Kosiiltanl  ol  a  set  ol  li>r(<;>  li,i\c-  tlie 
--.jmc    liins   (il    adinn. 

CluHiM'  .iny  ()<)inl  ()  in  l\'j,.  150  and  join  it  to 
^,  l'>  *  ,  and  I);  i.o.,  lo  the  Icirninatioiis  ot  the  lines 
c  (iinjiKsin;,'    the    W'Ltor    I'olyytm. 

It  is  o\id«'nt,  Irom  Ml;,  i  5<j,  that  since  llie  line-  AH, 
l!(),  and  ().\  loim  a  (  liisod  polvi^on,  iIk-  tlin<'  loicts 
ripiost'nlcd  li\  iIk--c  lines  will  Ik-  in  «'(|uilil)riuni,  pi<)\  di-d 
llifir  liiif^  <il  a(  lidii  intciMTt  at  a  loniinon  point.  If  tncso 
lliRo  tore  cs  aiv  in  «T|uilil)iium,  such  .a  condition  <)f  allaiis 
I  onld  \k-  e\pi,-,scd  liy  sayini;  that  any  two  ot  the  fori  os 
lialani'c  llu-  third,  i'or  in'-t.incc,  the  loii  os  !>()  and  ().\ 
ina>    balaiK  <•  the  I'iimc  .\i>;   i.<',   hal.iiK  c  the  tone   1'. 


.\t  ,iny  [loii.  W  on  lite  lino  of  action  of  P  (I'"ig.  149) 
introdiKe  tiu"  forces  ( )A  and  HO.  These  three  forces 
are   in  e(|iiilibriiim. 

lor  the  time  ix?int;,  ,-iny  discussion  as  to  how  these 
torces  ()\  and  Hf)  are  exerted  and  what  constitutes  tiie 
liody  act<d  upon  by  the  three  forces,  P,  BO,  and  0.\, 
N\  ill   lie  dropped. 

l'ro(hice  the  I'nc  of  .ictioii  of  1?0  to  intersK  t  the  line 
ot  action  of  O  ;it  X,  and  at  tiiis  point  introduce  the  forces 
represent<'(l  by  CO  and  OB  (Fit;.  150).  T!'e  line  of  action 
ot  OH  evidently  coincides  with  HO  (Fi^,^    149^.    It  is  seen 
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from  a  coiisidcr.ii  ion  nl  iIk>  iri;mj;U'  1>CC)  (l"'i>;.  150)  tli;il 
llu'  forces  ()l>  and  CO  .icliiii^  at  X  (Fi};.  149)  will  balance 
the    fore*-  n. 

I'rodii,  (■  llu-  line  of  action  of  CO  to  iiitorsoct  tlio  line 
of  action  of  S  at  \.  At  \'  introduco  the  force-;  DO  and 
OC  K-pn-entcd  l)\  tli4-  linos  DO  and  <  )C  (Ml;.  150). 
1  hcse  lore  ts   halanro  tlu'  force  S. 

I'rodiii  (■  the  liiu'  o|  action  of  DO  to  intcisi-i  t  at  /. 
lIu'  line  ot  ailioii  ol  0\  produced,  and  at  /  introdme 
two  fonts,  AO  and  OD,  represented  by  A< )  and  Ol) 
(fii;.     150). 

I.<'t  the  pol\L;on  W'XN'Z  (I' it;.  I4'|)  reprt'sent  a  frame 
haxintr  J)in  joints  at  W,  \,  ^  ,  and  '/..  It  is  evident  that 
the  trjiiiH'  will  l)o  in  er|uilil)rinni  if  some  lorce  he  iiitro- 
diK  ed  at  /  which  will  bal.ince  AO  .ind  OD.  llu-  lorce 
r,  re[)r(-s«-nt<-d  by  DA  (Ml;.  150)  e\ideml\  fiiltils  ihi^ 
condition. 

It  is  now  s,-cn  ill. It  a  Ir.mu-  shnciure  ol  tlu-  sha]);- 
\\  \  ^  /  would  be  in  e(|nilibrinTn  under  the  ailion  ol  llu- 
lor(  (s  I',  (J,  S,  and  I  ;  and  llu-  Imcc-s  whiih  \\(-re  s|)ok(n 
III  as  liein^;  introduced  at  W  ,  \,  ^  ,  and  /  arc  realK  ihc 
Ion  cs  r\crli-d  b\  the  members  on  llu-  joints  ul  ihc  Ir.im-. 
I- nrllurmoi  e,  it  is  seen  ih.il  llu-  lone  I  b.il.iiu  es  llu- 
lon  cs  I',  O,  and  S;  i.t-.,  the  tone  I,  which  is  th-.- 
i!(|uilibrianl  ol  P,  O,  .ind  S,  has  been  located,  which 
also    locales    ihe    rt-(|uircd    jst-sullant. 

The    polvffon    WXVZ    (l"ij«.    N!()    is    known    as    an 
!-quilihrium   or    Funicular   Polyj^on. 
The   Halancinjt  Couple. 

In  tlu-  prt-ceilini;  case  tlu-  set  ot  forces  under  dis- 
cussion had  a  Kesull.int.  Cases  arise,  however,  where 
llu-  W'clor  l'ol\i;on  '>l  a  set  ol  lones  close.,  and  \el  the 
forces  are  In  lU)  mciiis  in  t-(|uilibrium.  It  is  e\  ideiil  thai 
the  lorces  |',  (J,  and  S  (I'i^.  ,V' )  constitute  such  a  case, 
for  if  their  lines  ol  .action  be  produced,  it  is  seen  that 
tlu-\  do  not  inU-rsei  t  at  ,1  juiint,  and  \el  ihe  \  ei  tor 
roiy<;on    A  UC   closes. 

Constnicl  the  l-"unicul;ir  l'olyi;on  for  these  'ones, 
bet;inniniL;  b\  balancini;  .S  b\  CO  ,ind  ()A,  .and  so  on. 
It  is  seen  that  the  lines  of  action  ol  OA  and  At)  do  not 
intersect,    but    are    parallel. 

The  r(-;ider  must  be  careful  at  this  point  to  dis- 
tiiii;uisb  lu-twi-en  what  has  actually  been  accomiilisht-d 
from    what    h,is    apparently    been    done.      Apiiareiitly,    the 

c.rcts    S,   n,    a-d    P   bav^-   ^■:'---   !v.!:i!Ued   \:y   their   respective 

p.iirs  of  balancing;   forces  CO,  OA,   .and   so  forth.     Hut    ia 
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ill  I     ill   ll     lllr^i-    li 


111-       ^iiinr       lli'llli 


i{Uliil>riiiin 


I'.iU-i 


il.iiu  iiii;    liin  i-~    111-   i\i'ili-il.    ihiTi-    mil 

.1'  I  niu;.       ill     I  lie     I  I  pn--l  I  lie  I II  in     i  il      tin 

m,    il    \v  .1  -    scrn    I  li.il    ill.  -I     ll  11 ,  (■-,    \\  ri", 

Arilid  1)\    ilii-   nuniliii-  111   .1   iiiinli-il   li.imr.      I  Inn-   inii-l 

>  llli    jiiinls   .ll    I  ),    I.,   .iiiil    1-    111-,     ^ji 

Ihi-    l.n.  1-^   (  )  \    .iiiil     \(  )   In     1  \i  I  liil    , 

■1\  .      I  lull-     \\  I  mill       111-1  r^-,.11  il\      111'     t  U  1  I 

III.    |i.ii-.illi  1    111   I. Ill-   .iniilli.  1  , 
•111    miu    ill, it    ll    ihr   iiiriiiliii^   (ll)   .mil 
llr    v|  nil  I  ill  !■    is    li\.     \\n    llliMlis    ill    i(|iiiii- 

I  r,     1  111'      ll  nil's     S,     (  ),     .mil     I '    .11  r     P.I  ll 


llllll.  111'  llllllllll'l  • 
.mil,  111  iiiiliT  lli.il 
I)    .mil    I'  ,    ii'si 


ini'inlii'i's 
il 


(.1)    .mil     II 


Is      ll'.llIlK       s|- 

ill'    .III-    ll  ll    hi'i',    111 
'iiiiim,    :mil,    lliriiliui 


Fig.  32. 
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li.il.iiH  1  i|.  In  mile  I  111  liiiii;^  .iliijiil  ciiiiililii mill  llii  i  iiiii-l 
111-  i-MiIrd  ,il  (i  ,1  liiiir  r<|ii,il  111  (»\  .iikI  .iI  II  .i  imif 
i(|ll.il    I         \(  )    .1^    indli  .ill  il    li\      I     .111(1    \  . 

rmm    llir   .iliinr   illsin^^inn    il    i-   ^mi    ili.il     I     .mil    \ 
I  I  ill^l  il  illr      I     iiiliplr,     ^illi  r     <)\     .illil      \()     ,ilr      i(|ll.ll       .in.l 
(i|l|)i  i--ilr       lull  I-     Willi     jl.it.illrl       lllli^     111        .nlliill.         Ill     llli- 

iiiiiplr  i.  i^iMii  till    11, mil'  111   .1   ItalaiKiii)^  Ciiiiplc. 
Kcsiiltaiit  Couple. 

I  llr     Krslill.ml     t    lUiplr     111     .1     ^ll     11'       I -^     \Mi|llil     ': 

C(ii;,i!     .111(1    iippii^lli      In    lIli-     li.li.mi  illu;     *    iilipir. 

Second   (iraphical  Condition  of   liquilihriuni. 

II  i^  i\ii|iiil  ill  llii-  1,1-1  pi  I  ipi  i-il  11  HI  lli.il  it  III)  .iiiil 
III'  will'  1  iiiiii  idriit  lh.it  lln'  Ir.mii'.  wlThli  would  lluii 
hi'  lit  Ihi-  liiini  1)1. I  .  wiuild  Imld  llir  limr-  S,  (J,  .md  !' 
in  I  (|iiilihrium.  1  Iir  Innr-  ^,  <J,  .md  I'  in  sm  h  ,i  ..i-r 
Wiiii'd  t  lu'iii'-i'I\  r-  lU'i  .'s-..iiil\  llr  in  I'ljiiihlii  iiim  -iiii  r  ihi 
iiliiii"  I'Mnn.il  liiiir  w:is  inl  n 'dm  cd  inlii  llir  sv-lnn  'u 
hi  iiii;    .ihi  111    1  hi-   i'(|uilihriiiin. 

il,  ihrn,  ihr  linr-  111  .11  linn  lit  ihr  tii'-l  ;ind  l.i'-I 
h.iLmi  iiii;  Imir-.  h;i\r  luiniidriil  dii  .i  1  ii  m-,  ihr  iiriL;in.il 
-it  111  liiicr-.  mu-t  hr  in  r(|iiilihrinni,  w  hi'  h  i  i  iii-l  it  ill''- 
:i   sri  mid  t;i:ipliii  ,il  i  niidilinn  nl   i'i|uililii  iiim.      I  hi-  i-  nllrn 

inmi II  i-rl\    -i,iii'(l   h\    -;i\in-    ih:it    the     l:quilil)rium 

or  i-'unicular  Polygon  must  close,  luMiin^  in  mind  ih.r 
mr.iniiii;   i  il    ihr   wnnl   ''rlu-r''    in   ihi-   p,ii  t  ii  iil,ir   in-l,inir. 

(iraphical   and   Analytical    Determination  of  the 
Resultant. 


(  il  iiphii  111. 
\"ri  ti  11     I'liN  ijiill    i;i\  rs    ihr 
nKiL;nit  iidr,      dim  t  ii  m,      imd 
-rn-r     nl      the     Ki'-iih.illl. 


I''(iiiililiiiiim  I'l  il\  unn  In- 
C'ltr-  ihr  line  nl  :iilinn  nl 
ihc     l\r-iilt;ml. 


\n.iK  lii  :il. 

Inn   "  — 

^M        Mi;. 
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Conditions    of    I;quilihrium, 


( ir.iphii  .il. 
\'i'i  lor  I'nK  ri  in  inu-1  i  In-c 
I'!(|iiilihriiiin   i'ol\i;oii   niii-t 
I lo-r. 


\n.d\lii  III. 

:i\      o. 
i:^•      o. 

iM        o. 
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Priipirtics  of  the   iiqiiilihriuiii   I'oKfton. 

1.  I     1',    (j.    *>,    ,in.|     I       11-       I  ^M    111-    .1     s,l    Ml    I, ,11 
wild-,-    \,.!i.i     ri.lx-iiri    i-     \r.,    I!(    ,    (    I),    ,111(1    |)\. 


«-i 


I'    n    ^     in. I   I    ir..  ii..i,i  ;.,  ,.,-,,,ii;i,, •;,,„,  i,,   ti,.,  ;,,;„. ..,i 


Iraitu-.    iir    l!()uilil)iiiim    l'(il\t;()i)   (iHKI.. 
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I  f 

il 


(  nn-i(lir  the  |)(irlii>ii  i  .1  llu-  li.mi.-  I.,  llii'  I.  It  dl  .nn 
^i-'lmn  II',  w  hli  h  in  liii-  •i^c  iiiK  llir  niiiiiliii^  (ill 
:in(l    I.K    .il     I-.    .Hill    \      I  r^pi  I  1 1\  rl\  , 

I  ill-    hilcr^    ,1.   iIiil;    nn     lllr    piilliiill    nl     lllc    ll.inir    li'lll;^ 

I  nn-iilin  il  ,11  r  I  In  i-'  ■  ■(  n.il  Im  .  .-,  |  hhI  I'  .mil  I  In-  Im  i  r- 
iviiliii  .il  I.  .mil  I-  lllr  |inili(ins  mI  ihr  mrniliri>  till 
.mil  I.K  111  llir  li^;lll  III  ihr  snlinn;  .mil.  nIh.  r  llu- 
iniiiilii  r  (ill  i^  in  i  c  Mnpi  i^-.ii  m,  lliiii-  i^  ixiilnl  .it  I.  ,i 
liiiii'  III  in.ii^nil  nilr  ()l)  .nliiti;  .iL;.iinst  llir  -.iiliim,  .iii'l, 
liri  .lllsr  I.K  i■^  in  lin-i,,n,  IIuti-  nil.^t  In-  rxillril  .ll  I  .i 
Inn  I-    III     ni.i:;iiil  iiilr     lit)    .ulinL;     .i\\.i\     trnii,    ihr    -i  i  I  i 

I  hi-  iiinililiiin  nl  .ill.iii-  i-  -hnw  n  ,il  lii^.  i;i.i,  thr 
Inn  IS    jilin^;    .il     I.    .mil    \-     liiint;    i  rpn  -mliil    li\     llu-    tun 

II  111  I-.     \     .mil     \      I  1  -|>ri  I  i\  rU  , 

\n\\  ,  il  i-  I  \  iilrni  ih.il  llu-  Inn  i--  \  and  ^  (  h  ii;.  i  ^  i.i  i 
hnlil  ihr  pnllinn  nl  lllr  ll.mir  In  ihr  lill  nl  lllr  -.rilin'i 
in  i'(|iiilihriiiin  .iL^.iin-l  llir  .iilinn  nl  ihr  Innr-  I  .mil  I'. 
Ihr  rrsiill.ml  nl  \  .Hill  \,  llirirliirr,  wmild  .n  i  nnipli-.h 
lllr    s.mir    ir-iill    aL;,iin-.|    ihr    rr-ull.inl    nl     I     .md    I',    .mil, 

il     ihr-r    I  \\  n    -lis    nl     Inllr-.     Wf'.f    Irpl.lilll     ll\      llllil      Ir-pr     - 

li\i'  ir-iiilaiil -,  il  i-  r,i-il\  -rrii  ih.il  I  hi  -r  ir -nil  .ml - 
wniild  h.ivr  thr  -.inir  lini  -  nl  .iilinii  il  th,-\  inimlr,i.| 
nnr    .illntlur. 

I'lndiii  r   (  1 1  I    .iiiil    I.K    tn  inlri-ri  I    .ll    \    (lit^.     151  1. 

\n\\  ,  -ini  r  thr  rr-iiil;mt  nl  t  w  n  Iniir-  .il\\.i\-  ait- 
thriiiirh  lllr  inln-nlii  111  nl  ihrir  liiir-  nl  ailinn,  il  i- 
(■\idrnl  that  Ihr  rr-ull.mt  nl  \  and  \',  and  1  mi-rini.ntK 
the   rr-ult,int    nl    'I    .md    I",    ait-   ihiniii^h    thr   pniiit    \. 

!■  rnm  llir  prcrrdiiiL;  lii-i  n--ii  m  il  i-  -rni  lliil  il  a 
-cilinii    lir    lakcn     lhinin,;h     t  w  n    mrnilirr-    nl      thr    jnintrd 

I  rami,  the  forces  exerted  on  one  side  of  thi'  section  hy 
the  cut  members  hold  in  equilibrium  the  external  forces 
acting  on  the  portion  of  the  frame  lyin^^  to  the  other 
side  of  the   section. 

\l-n  ih.it.  the  resultant  of  the  external  forces  to 
one  side  of  the  section  acts  throui{h  the  intersection  ui 
the  cut  members  produced. 


1 


Wrw'.'JW^^m^'^-M^  ws^^^^^^^^iKri 


HI 


Mi'l  III!     -•  I  \  I  1, 


49 


(  ii\i'ii;k  \ii. 

THH    MliTHOI)    ()|     SliCTIONS. 

•'      '-     ""'11     nr,c.s;ii\      iM    lind     ||„-     .I,-,.,,     ill     ,,llr     <H- 

"'""■  iii'n.lici^  ,,l  ;,  in;,.,  iin-pc.  live  ..i  i|„-  si,,.,  i,, 
"''"■'■  'llrrnhrr-.  T,,  ,,l,\i,,|,.  ||„.  \,;Yu,u-  uprl.ili,,n  el 
N\<.rkin-  li,,m  p.iiil  i,,  p,,inl  till  ih,  m,,--  in  Ih,-  r,,|,,i,-,.<l 
TilrnilMT  Is  liiKiNv  i,M.  lu(i,  vvIkiI  is  kn,,\Mi  ;is  il,,.  Method 
of  Sections  Is  !is,.,l,  uh,-,vln  ih,-  sir.ss,  s,,v.  i„  i:|.- 
''■'^-  ,v>'  "'■i.\  I"-  .iiii\.-(l  :ii  ii,)inr(li,ii,K  from  a  con- 
sideration of  the  forces  acting  on  the  truss. 

inia-iiir  Ihc   iniss  ri'pi  .sriUcd   in    li-.     ;;  ;is  ,1,1    into 


/OO 


/OO         Z 


lOO 


/OO 


3SO 


lao 


3SO 


I  ijj.  X\. 


tun  s,..li,,ns  ;ii  /W.  (nnsid.T  111,.  p,..:i,,n  <>l  ih,-  in,ss 
t..  111.-  1.11  ,,l  /W.  II, i.  ,  ,,nsi,|,.|in-  II-,-  pMi-liun  i,,  il„. 
I'-ll  i-  piiifiv  ,,rl.ilr.n-\.  I  h,-  s.inu-  n-sull^  «,,iil,|  ,-v,nlu- 
•■'"v  'if  i.-:i,  li,-<l  1,\  ,  ,,nsi,l,.,-in-  llir  li-lU-lKin.l  s,-,  li.,,,, 
''"'  I"  "'■•l'-''  '"  ^i\"iil  ^nnliisi,,n.  ih,.  ,  ,,n\.-nli<)n  .,!  ,,.ii- 
'-Klfiinu    till-    IcII-luind   |).)rli.,ii    is    a-ic-d    upnn. 

Il'i-  P"r!i,.n  nl  th,-  iiuss  |,,  tin-  !,-|i  ,,|  /  \\  j,  |„.i,i 
in  cfinililiriinn  l.\  ((-rl,-iin  lr,r,,s  acting  on  it.  Ilu  i-,-  is 
""  <li!li'iill\  in  M-,-ln-  ih.ii  ill,-  l,-M-li:tnd  ,il,ui,n,nl 
n-;H-lion  \K,  ^md  ih,-  I,,,,-  l,,;,ds  \j!,  |;( ',  Ki,,  ,,,,,|  |  ,,^ 
•■"  '  ""  '!'>■  1'"<1>  I"  I'll  <'t  y.W.  Hut  that  these  forces 
alone  could  not  preserve  equilihrium  is  ..-isiK  s,,n. 
"'•■'■'•    ""1^'-    I'll".    !"■   "ilur    Imi-,  ,.s    :„iin^   ,,n    i|„-    |„kK, 

■I'l'l  ''!'■  "lllv  possihl,-  p|.i,-,-s  wlu-lr  lurn-s  ,,,iild  .1,1  is 
v\iu-r(-  till'  purliuiis  ,,1  ||„.  nu-nilii-is  (  |',  |-,|-\  .hkI  |-(,,  ,., 
111.-    rii;lil    ..I    /\\  ,    1,111,1,    tl,,-   p,,iii,,i|.    ;,,    il,,.    I,. I, 

\-  ••!'■  -1^  ill.-  I.in  fs  J,  lini^  ,„|  |]„.  1„k|v  ■,,-,■  ,,,|,. 
i.-iru-d,    il    d,„-s     n,.l      ni.ill.-r     wli.-lh.-r    ilu-     l).id\    h.-    ,-i,ii- 

1 


\x 


i  ^1 


^^*^5M?2^__ 


^0 
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>.iilcrc(i  ,is  ;i  trii^--  loiiii  nr  ;i-.  ;i  -nlid  hodv  li.ixiiiL;  llu- 
l)(>im(l.ir\  (intliiu-  nl  the  :rn^s.  Il  is  i^cncr.ilh  less  rmi- 
li|siii>^,  hiiw  i-\  CI',  ti)  iliiKisr  I'nc  liillci  ihciIkhI,  hci  aii^c 
it     --rrni--     I  1     ■  I  iiirriil  r.itr     ;'lti'n;iiin     cm     i  ii-     est  r^iiu'iuis 


/OO 


lOO 


lO- 


lOO 


l-i^.  ;m. 


I'i;^.  vt  n'liiTMiit-.  llu-  Inn  IS  .ulini^  ii|)i>n  llu'  pnr- 
lioii  (il  the  Iniss  to  the  Iclt  ol  ZW  ,  niiisidcii'd  ,is  .-i  solid 
rii^id  l)i>d\.  1  lus,-  lon.-s  :irc  in  (■(|iiililiriuiii,  ^ind,  sim  ,• 
llicic  ;irc  i>ni\  llircc  iinkiiow:!  Inncs,  (I.,  \:\- ,  ;md  |(i, 
ii  is  possible  i()  solve  lor  ilicm  hy  iiuMiis  o|  ilu'  linn- 
:iii:il\  lii-.d  f<|ii;il ions  ol  f(|ui!il)riiim,  -\  n,  -^  o, 
IM  '  o. 


'-\     \  \K     ^'Kl,     Nil.     N'(.i 
•  \ \  I   •  \\\   ■  w  H     ^  11  \     cj. 

;^o —  ux)  —  ri)o        (). 
I- I!   sill  iin     •    () —  loo  —  i()o       o. 


,^5*^  -    41K)    •     I- 


I'K 


*.. 


l-rom    llic    positive    si^n   of  tin-   lesiilt,    tile    ^'tl    must 
he  |)osUi\e. 


I  lie     meinhi'i      V  \:     is,     theri'lore,     in     tension 


pound 


m^-f^ 


Al'I'l.il     f)         SI     \|K    -,.  ; 

l.ik>-  in.Miinil,  ,,l„,iii    111,.   inl.Tvt-,  liiii,  ,,|    l|.:   ;|,„|    I'l 
•■il   lln-   piiiiil    (  ). 

-^1        Mms        Mm        Mi,.       .\[,,| 

^'i  I  Mil  M.  ■!         Mi;\        ,,. 

.S5<i.j^        I,,,,.  I  -        I, ,,..5    .    (,)■•.  -  V  J 

■      "      ■      0  MM).   10  l(K).  Jl,  o. 

.>5"-'.T  llHl    ( 15         :^    .     I,,    .     _.,,, 

■    * ' I  ■  5  ^  ;       o. 


GV 


"3 


,.,.  ''"""  ""■  "'■^•'ii^<-  -ii^n  nl  ilu-  M-snll  ii„.  ,n,„„.-,u  .,1 
'•I'  ,,l„,ul  0  nuist  ho  lu-atiso.  (il-,  tluT.Mnrc,  .-hIs  .iu  ,v 
Irimt   ill,,   s,.,  ijiii,  ■ 


I'-,  ihr  m.-ml.,T  (,|--  is  in  i.-hm,,,,    - ---  pounds. 

-\  A  \K  \ki.  \|,,  X,,| 

•     ^11  >^l'      •     Xi  H     ■     .\li\  (). 

•     *    ''•      ■')•()  o, 

-  —   ■    CH  o. 


.? 


N<KJ 


CF-: 


'•-■    n,.^:,tK...     (   H,   ,|u.n.|,„v.    ,„is   ;,^ai„st    ,1,,.    MMti,,,,  : 

.Soo 
'■'•■•   ll'«'  ni,-in!.,r  (.  E   is  in  .  ninptwsii.n pc.uiuls. 

Til,  sind.ni  Is  ;„l\is,.,l  I,,  ,|,.„,s..  ,„|„.,-  s,.,li,,ns  in 
'l'«-  s.,n„-  truss  ;„ul  ^,<n■U  nul  th,-  str,.ss..s  in  llu'  x.nious 
nuniliiis  In    i|iis  mciiis. 


■    'i 


li{| 


Wl 


Ii 


^11 

"  mi 


•-rvf' 


*;^iyft.:i.!/-^ 


.  -VT" 


-it'      ;•'--•«»  5- 


li 
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(II  M'lIK    \  III. 
THi;    hi: A.M. 

In  Ih,  lnll,,\\i,,o  , lis,  ,,-..1(11,,  Ih,.  ,,,s,-  ,,l  •,  i„.  I  ,1 
-;il>|)'.rl,-.l  \rr,U  ,,n  1  u  , ,  .ihiit  ni.nt .,  ,„„■  .,l  ,•  „  I,  ,'.v 
"'■'"">  "'  ""■  '"•■"".  uill  !..■  ,,,nsi,|,.,..,l,  I  hi,  ,^p,.  ,,, 
I'r.in,  is  Ihr  ,,n.-  ,„usl  .,,„ini,,nK  nuM  vvill,  i„  ,.„i.i,„,.ri,.  . 
!"•'""•'■.  ■■'Uhnuiih  ,.,s,.s  do.nis..  i„  ,,l,i,i,  ;,  lH.,,,n  s,,n.-- 
"ii;-  1-  MippMrt.-.l  „p,,n  ,„.„-,■  ilKui  ,„„■  ;,l,„l,n.nl.  ,.r  in 
\^iii'li  Ihr  ^li.nlnHi.l  s,ipp,,rK  ;uv  n.,1  l,v,.,  :is  i„  th,.  ,  is,. 
'•'  •'  '"■■i"i  I'.ivin:^  ils  .■Mrvrnitirs  l„iili  i„i.,  il„.  s„pp,„li„i^ 
"■'"-■  ''  '"  -mil'  i'lil  U>  p.iint  ,,i,I  Ih.il  ilu-s,.  list  ,  is.-s 
'■•"'"">  ''••  iinrs,i.;„,.,|  |„  ,1,,.  ,hr,,rv  in  th.s,-  p  ,>...s 
.il'-iH-,  iiul  n.-,,ssii,-,i,-  ;,  ktiMulcIo,.  ,,|  ,|„-  l:n\s  ,,|  Hu- 
n--i->I:in(c  ,,l    nKil.rijJs   .md   ol    \hv  ,-,il,iilus. 


Fig.  35. 


'•••I  Iwt;.  ;,.:;  icprfscnt  :i  luMrn  Mipporlcd  rn-,.|\  ,,n 
ivw)  •■ihiiimcits  ;in,l  ,.nr_vinL:  •nn  lu,,  |,k„1s,  \\  ,  ,nul  W  < 
111-  l-lt-h;,n(l  .ilHitnunl  r.M.lion  m.iv  Ik-  rcpns,.nlf,l  i'n 
ni^i^niln.lf  l.y  \,  ui„,s,.  nuimTi,-.-.l  x;,hu-  uiji  ,|,.p,.,„l 
-ntirvly  up.,n  tin-  (lisi-,n,  ,.s  ,,1  W ,  ,uul  W  .  |,„m  !!„■ 
^'I'litmonl.  Trc-d  the  portion  ,,l  tin-  hv:,m  u>  ih,.  l.lt 
m!  llu-  pl;Mie  afl  hv  th,.  Mrth.Kl  „|  S,..ti,,ns.  Tin-  only 
known  Inn.s  .„  tin-  ,,n  this  portion  to  liu'  1,-lt  of  aS  .,/,. 
'!"•  r,.a,li,,n  A  ,„ul  tlu-  1,..„I  W,.  -ilu.s,.  |,,n,.s  ,,„,not 
liv    ihcniscKi.s   ni:iint;iin  (.<|uilil)riiHn.     It   isrvidcni,   th.i,- 

lore.     lll;il      «*(»m«>    <itli,..-     ...,I. 1  ,■ 


llti 
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MTI  M  I)      s  I   \  I  |< 


ii|)Mii  ihc  |),,rliiin  (.1  llir  li.-,ini  liriiii;  .  i  ifi^idn  id.  I  In-  <iiil\ 
po^siliir  ]ii,|,  ,.  wiu-i,.  Ml'  li  .1  liinc  <ir  li.nr^  <<miI(I  .k  1  i>- 
.It  Ihr  st(liiiri  u.i  ill  ill,.  litMiii.  |.|.|  I'io.  ;(,  ii|ii,..,cnl  the 
luiidilidii   III    .ill.iir-  ;is    hir  js   ilu'   liii,  t-.,   ;iitiii-    ii|)(iii   iln- 

1i(mI\  til  ihi-  l.ll  III  a;i  ;|||.  inn,,. Ml,-, I.  Th,.,,.  |,,i,|.-,  ,ir,. 
in  i'(|iiilil)iiiim  ;  I  hrn-lMn.,  1\,  IS',  .|ii,|  i.\|  i,,ii~|  ,.;,i  ji 
i'.|n.il   /iTii. 

~  '  S   \         N  '.v  I  iS  \  111    imkiinwn    liuirsi        o. 

^         \\  I  {\    >  III    iinkniiun    Innrxi        o. 

Ki'pl.irini;    Ihr    N"s    i  il    |lu-    imkiinun      l..i.  i-.    ti\    ||i,.|i 
irv|ili:inl ,    wliiih    in.iy    In-    (liiinlrd    li\    \" 

.\  — Wi    .    \-       .,. 

\'     -  l.\\\ll. 

I-'riim   wiiiih   it    is  m.'ii   lli.it    \'   is  .-(iikiI   in  m:n;nitu(lf 
''III    •II  '■-    in    tin-    oppositf    sriisc    to   tlif    aijii-hr.iir    sum  ot 


OC 


fo  roes 


/^ 


tin-  \crlir;il  ii-si)l\  cd  p:iits  nl  tin.  fxtflioi-  Iniifs  tn  tile 
'•■I'  "I  "'^  ;  '.«■.,  \'  resists  A-  \\i.  This  (,iKintit\ 
l\--\\i)  is  c.ilK.d  tiir  Vertical  Shearing  Force  :ii  liie 
strliim   iindcf   riinsid,.!  :iii,iii. 

I  )clinit  inn  :  - 

Ihr  X'citir.il  SiicirinL;  l-'orrr  :it  :in\  sntinn  is  cfuKil 
til  thf  ;ili;i.|)iMir  sum  nl'  the  \iTtir;il  irsiiKrd  pjrts  n|  |Ih' 
cNtfriiir  Imrcs  urtini;  nil  tilf  hn<l\  ti>  the  Irll  nl  the 
scrtinii    luiuL;    rnnsid(.rrd. 

I  his  is  .1  i^cnciMl  dclinitinn,  hut  sini  ,■  the  ln;ids  ;md 
;'.i>Ut  nitMU     It-;!'.  !  Imis     iii     must     !•::-;.■,      -(iwl     .-i-rt  iip.!-.      "7-        t! 


■**^ 


..^"iilBf^ 
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''.''■'■\  '''•"    ^^''1     '"■    '-il^i-n    u|)    h.T,-,    ,„  t     in    liir     \,.rii..,l 
<lir.-.  tiMii,   ,,    murr  .,.11,  is,.   ,|,lmiti,,n    m.is    h,.  .-mpliu  ,-,1. 

The  Vertical  Shearing  I  orce  for  Vertical  loading 
and  Ahutnient  Reactions  is  equal  to  the  algebraic  sum 
of  all  exterior  forces  to  the  left  of  the  section  being 
considered. 


I'ii 


\l)|)l\iili4     1\    !,►    the     1,11,  (■> 


.11  Iiiil;     ,is    iiuli,  ;itt(|     in 


~-^        ^^    ■     ^^^'    ■    iX's   111    unkn,i\\n    l,ir,cs)        n. 

u        u    ■    (W   (>{    iinkn,i\\n    luncs)        o. 

I  X  's   ,il    unki),)\\  n    l,in  cs)        o. 

Now,  IIUTC  .iif  Iw,.  w-iys  in  wliiili  111,-  ;ilt;,-l)r;ii,- 
snni  ol  ihc  W  ,,l  ilu-  unUm.un  Inn cs  hkiv  he  .•('jii.il  to 
y.irn.  |.;illuM  .-,11  lIu'  X's  .nv  .-(lual  I,,  /.-n,',  ,„•  iju-  s„ni 
ol  Ihf  |),isiti\f  W  is  ,.,,n,il  in  nKi-niluil,.  i,>  ij,,-  snin  of 
till'   niiL;:ili\c    X's. 


^''■}5■  .'J?. 


In  nrd.r  I,.  dfl.Tmiiu-  \\lii,Ii  ,,|  liics,.  u\,,  ,^|,,.^  j^ 
","',"■"'■  '""■•  '""-i'l-''-  ll"'  Innvs  :„-,ino  , ,„  ,1,,.  ,„„-li.,n 
"I  Ilu.  I„„|y  i,»  iJu-  i.-r,  ,,|  ad  ,,s  ,|u.v  li.n,.  I,..,.n  <l,.(lu,v<l 
^';  '■"■•  '•'•'  ^^  '  ^:  ""■'!  N'  nuist  .„,  ,|,,u„u;,,-,|,  |-,,r 
\  h.is  l),.,n  sIh.uii  I,.  ,1,1  ,,,ntr;ir\  1,>  (\  -  Wn,  wlii,  h 
Ml  this  ,,is,.  \viil  h,.  ■!  |„,siii\,.  ,,u:inlit\  ;  i.i'..  \-  ,|,'t^  with 
nct;,-ili\ ,'    s,'nsc. 

l-ii;.  ;,7  rf|)ivs,.nis  the  r,.r,  ,s  \.  W ,  ,  .|,ul  \-  ^i,,!,,,. 
on  th,.  UhU.  It  is  s,.,.n  il,,-,l  tiu's,.  |,,i,,.s  l,v  tlu-nis^-Uvs 
'■inn.il  o,\,.  .■,|uilil)riuni;  ihcivt,,,,.,  s,,nu'  miIut  |,„v,.s 
"''■''   •'' '   '"■   '"'(i).     it    is  ,-\i(|i-nl,   then.    ili;,i    tin-    X's 


II. 
il 


m 


V) 
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"I    ''"■    unlsni.wn    i -^    ,1,,.    nol    .ill    c-iii.il    I.,    /ii...    I.n     if 

'l"_\     Uil.-,     Illc    ,,li|\      ,,ll|,r     Inl.c     wlli.ll    innl(li\i>l      uollld 

I"'  ■'  Mili'.il  li>iir.  Hni  .ill  th,-  v.iii,  .il  |,,i((s  |)(,.,>il)lr 
•  111-  npi,-^,  nliil  ill  ihi-  (li, 1^1. nil.  I  In-  piisiii\,.  \\  must, 
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The  Ikndinj;  Moment  at  any  section  for  xertital 
loadinn  and  abutment  reattions  is  equal  in  magnitude 
to  the  algebraic  sum  of  the  moments  of  the  exterior 
fortes  to  the  left  of  the  setti.m.  about  a  point  in  the 
section. 
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Concentrated   Load. 
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riipllin-  ihr-.  1 .1  ilin.ili--  wilh  ()\  .is  li,i--i-  liiir,  ;i 
\.S.l-.  (ll.i-i.im  Ml  ilir  hum  l'.(  ,  1)1-:.  M.,  ilK,  l.\  is 
(il)I, lined,  such  lli.il  llir  ■  inlin.ilc  li>  llir  di.iur.ini  imiiif- 
(li;ilil\  hcniMlh  .iii\  siilidii  <il  llir  he. nil  n|)irstnls  lli.- 
v.clilc    (il     ihc    \  .S.  I-  .    ^il    lh.it     SCI  ii,,n. 

h  uill  hr  n<:ii<i'(!  th^ii  the  cliun}<c  in  value  of 
shcarin}^  fiirtc  h-mn  ..  sci  ijun  innni<li;clil\  1(>  l!)i-  li-H  111 
.in\  111. 1(1  111  .1  sr,  licin  nisi  111  till-  riuhl  ni  llu'  luiid  is 
L-i|iial  to  the  inu^iiitudc  of  the  hiad  itself.    I m    insi^nrc, 

in  ihr  l:isl  nnnuin.il  i  .isr,  ihr  ihiilli^fs  irpnscnl  rd  l)\ 
(  I  ),  r.i',  <ill,  .iiid  Kl,  .111-  r.H  h  ctiii.il  in  in;ii;nilndr  In 
1   u-    111. ids    liiimich.ilil  \     .iliii\i-    iIhsc    linrs. 


Representation  of   Kendinif   .Moment  at  any   Section  of 
a    Ikam. 
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il  ix  ui|uiii-d  III  I  ipi  c-siiu ,  !'(_)  piiidiiii-d  inliisrils  ilu- 
\  .  .'si.  I-  .     di.ii,!  .i;n    in    l\> 

l.il  I'l)  111-  ihiri-  Ini  111  llii-  riL;hl  nl  ihc  j<iii-|)iiuiid 
lii.id. 
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Il  innsi,  111  (  (inisc,  In-  rcnu-inlu-icd  iIkiI  ariMs  :ih()\f 
()\  .III-  rnllsidiri  (1  i)nsili\c  .111(1  llldsc  hclnw  0\  llCL;a- 
li\c.  Keeping  ihis  l.isi  si.iicnuni  in  mind,  il  is  seen 
111. it 

The  area  of  the  V.S.I",  diaf^ram  to  the  left  of  any 
section  represents  the  R..M.  at  that  section. 

Ihc  15. M.  Ill  :in\  scclinii  is  :il\\;i>s  pnsiiixc,  Inr  ihc 
|insiii\c  ;iriM  nl  ihc  \'.S.|-'.  di.it;r;iin  In  ihc  Icll  (il  .my 
scilinii  is,  with  niic  cMcplinn,  ;il\\ii\s  cic.ilcr  llian  ihc 
nc-.ili\c  .irc:i  In  lllc  Icll  i  il  lllc  s;mic  section.  Il  ni:i\ 
he  prnxen  L:c(iniel i  ii  .il!\  thai  the  pnsiiivc  and  nc!;ali\«' 
.lie. is  In  the  Icll  nl  lllc  iii;ht-hand  .ihiilinenl  arc  c(|iiai  ; 
heme,  ihe  IVM.  .il  this  .ilmlmcnl  is  /i-rn.  The  U.M. 
.It  the  Icll-h.md  ahiilmcnl  is  also  /em,  since  ihefc  is  no 
.irc.i   nl    the   \'.S.I-.   diiijr.im   M  lllc  Icll   ol    that    section. 


\i'ri.ii  I)    ^  i  \  I  ics. 


fK^ 


Section  at   which   .Maximum    K.M.   Occurs   for  a   Single- 
Load. 


AUDI-  (l-'ii;.  4JI  is  llic  WS.I-'.  (li:ii;r:iMi  tor  llu' 
lo.'id  \\  .  ( 'i}ri-.i(lri'  aitii--  ;il)ii\i-  ()\:  pnsiiivc,  lu'low  ()r. 
lici;;iti\i'. 

■|  In-  i!.M.  .11  :m>  section  \l'  to  t!ic  K'lt  d  tlic  load 
is  rfprfsriiicd   l)\    the  :irc.i   .\\l'(). 

'I'lic  U.M.  :it  ,ni\  si-i  lidii  (il.,  to  llif  rii;lu  ol  tin- 
li>:i(l,    i^    icpus.iind    1)\    the    :iii;i    AlUO         ((il.l). 

Kiitli  III  tlu'sf  wrcis  :irc  it-s..  ili;m  tin-  positiNi-  area 
\1U'().  1  lurcldic,  the  :nc:i  \IU()  must  rcprcsciu  llu; 
J4'c,ilist    IJ.M. 

Hut  AlU  ()  iiprc'siiits  the  K.M.  :it  :i  si-rtiiin  in- 
tinitc'ly  I  li.sc  111  lU'.  Iinl  slill  to  the  lilt  ul  tlir  liiiid. 
I'r:ii iii  all\  ,    this   i.-   tin-    si-itimi    I5C.     It    lullnws   tli;it: 

The  .Maximum  K..M.  for  a  sin}<lc  load  in  a  given 
position  occurs  at  a  section  directly  under  the  load. 
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Uniformly    Distributed  Load. 

A  iinilDirnly  distiilmlcd  load  is  one  smh  that,  lui 
rnalliT  how  small  a  porlion  nl  llu-  aica  loaded  is  i  on- 
sidcrcd,    ihc   lo.id   per   unit   area    is  .d\\,i\s   the    same. 

.Siii'e  ihe  disi  ussion  is  ronliru'd  to  1  o-|)lanar  lorres, 
a  iinilormly  disirihnted  load  in  the  lollowiiiL;  iirohUMiis 
will   me.m   a   load   ol    so  miu  h   per   unit  length. 
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.iii.illiri.  Ii.r  lii-l.mir,  .1  iinwd  1  it  iicopK  -liiiidinL;  I'li 
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,!,,.,■  1,1  ,,11,'  .iiiMllin.  I  liiw  i\cr,  ihi  .i^simipl  n  m  L;i\r-^ 
ii--,iill-    wi-il    williiii    .ill    limil-    111    ^.ili'l\. 
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To  Tratf  the  \  ariiitioii  ot   V.S.I",  and   H..M.  in  a   lUani 

Supporting!   a   I  nilOrmlv    Distributed    Load  of 

\V   Pounds. 

1.1-1     ihr    ll.lti  lied    .ll(M    111     l-'ii^.     \},    uprc^rlll     lllc    In. id 
iiniliiimlv    di-lrilintrd  nvir   the  cnlirf   Ini^tli   1 .1   llic   hr.im. 
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Prodiiie    T'O    to    inlerseit     I  he    \".S.l".     diaL;ram    at 
C   anii    1).      i)i,n\    .\i5   pel  pciidi, mar   lo   i'O. 

5 


:2.  .>_  ■  :£  --i< 


()!• 


M'lM.II  D      S  I  \  I  Its. 


()!)    .111(1     DC    are-    lo-ordinalcs    to    a    point    on     AK 

IkIow  ro. 

<)I)       x;  y        DC. 

W       W 

•lluTclorr,    troni    (i.K    y       DC       .\...(^-) 


1 


l-'roin   till.-   timirc   it    is  sct'ii   that 
CH       DK  -    DC       ().\  —  D(     . 


(4.) 


W 


Ilut    ()\ 


Suhsliluti'   in    (.(.)   this     value   ol'     OA,    and     aKo    llit- 
\  .iluc  nl    I )( '   lonnd   in   (  ;.  I. 

w      w    w 

Then,  Cli       -  I .N). 

J  1 

W 


1 


'rahulatini;  tlu-sf  ri'Milts — 

w 


—  - 

-  OA. 

-t 

X 

()D 

AH 

W 

.X 

^  CH. 

1 

SiihstitutinL;   llu'sf   values  into  (j.). 

KM.      OA   A  OD  — CH  X  . 

Aroa  OK  — A  AHC 

Ana  OACD. 

Aica  ol    \'.S.I''.   (li.itiT.ini  to  left  of  section. 

'I'lic  H.M.  fxidcntly  varies  (roni  a  value  of  xero  at 
the  left-hand  .ihutnient  to  zero  at  tlie  rigiit-h.uul  ,ihul- 
nienl,    ii.ivmi;   aivv.iys   iKi.silivc    values. 


AITM.IRD     MAIKS. 


It  is  soon  ih.ii  the  maximum  H..M.  for  a  beam 
supporting  a  uniformly  distributed  load  over  its  entire 
length  is  at  the  centre  of  the  beam.  Inr  ihr  ,nv:.  AMo 


55    Mj       ;^  "51 


W^MlrMr^M^^W^^SMFM^i^^^' 


^: 


\ITI    111)      --  I    \  I  II    -. 

(iraphJcal    DLUrniiiialioii    ol    Al)iitiiiciit    IKactioiis. 

In  iln  Willi.  ])ii\iiiii>  111  llii-,  till  ,i!iiilininl  i  .mi  1  ii  iii> 
w  llrllr\  rl  ilr^ilrii  h,i\r  lirill  i  .  1 1.  1 1 1 ,1 1 1  I  I  ,  1 11. 1 1  \  I  ii  .  1 1 1  \  . 
Illiic-  1^,  ill  iv,  i\  II  ,  .1  ;^iM|iliii  .il  iiiilliiid  III  ililri  minilii; 
llli>c     I  iMi   I  ii  ill^.     lllr     jllnirdun-     IiiIIil;     .i~     IiiIIiiW^: 

l.rl     I   i^;.  11-1    irpii'^cn!    .in\    li.imi-    .-liuiltiir   ii'^linL; 

IliiU     nil    I  W  I  I  .iluil  lllrlll  -    .111(1     ^ll|)piirtillL;     lllr     111. 1(1^      \l>, 

!!(    ,      (I)     III  .m\      iii.iL;nil  iHJr      \\'ilr\ii.         Ilir^r     In.iil^, 

liimlllil      Willi  lllr     llllKllilWIl     :il)lll  lllrlll      I  l-.li   1  inll^     I  >  I'.     ;ill(l 

I  .  \  .    l;i\  r    r(|iiililii  iiim. 

I  llr  \ri  1,11  piilv  -nil,  \l!,  IK  ,  ;ill(l  (I)  1  Ii-.  .|  |  lii, 
Ill.l\  llr  <ll,iwll  111  IrlHf^rlll  lllr  lllirr  lii.llU,  .111(1,  .-illir 
lllr  hinrs  -iitin-  ml  lllr  slim  lure  ;iic  in  r(|iiililiriiiin,  lllr 
\riliil  piil\-(in  inil^l  ilnsr.  lllr  iiIlK  iiHir^  lll.il  i,in 
I  li  i-~r  il  .lie  lllr  1  \\  1 1  .iliiil  mrni  I  iMi  1  ii  iii^.  It  li  illi  i\\  s,  llun, 
ih.ll  liiiwrrll  I)  ;ill(l  \  lllrlr  lie--  si  illlr  piiint  I.,  sin  li  tli.it 
l)l'.  ,111(1  I.  \  npirsriit  lllrsr  Iwii  rr. titinils,  ||  \.  c  .m 
111-    liK.itrd,    thr   piiililrill    is   snlvrd. 

(  111  1.  IS.  ■  ,in\  pi  llr  (  )  in  r  i- .  t  (  Il  .111(1  ji  nil  (  )  til  \  , 
11,  (',  :iii(l  I).  As  t.ir  .1.^  piissihlr  iiiiistrini  ilir  limniil.ir 
pnh-iili  liir  lllr  liiiirs  Miliiir  nil  lllr  s|  i  i|i  I  uir ,  i  nm- 
mrnrin-  ''\  li;il.ini  in-  \K  l)\  l)(  )  .nid  ()\.  I'lm  red  1)\ 
li.il.iiii  in-  l>(  with  (  (  )  .ind  Oil,  .md  (1)  li\  I  )(  )  ,ind  ()( '. 
I'liidmr  lllr  liiirs  nl  .ulinn  nl  ()\  .md  I  )(  )  to  intn'srrt 
the    iiliiilimil    iciirniiis   ,ii    \    ,ind    ^'    i  csp-i  ti\ -K  .      \iiw, 

lln  ni.illrl"  w  luTr  lllr  pnilll  I!  lirs  lirlw.ill  I)  ,llld  A  ill 
:iu.  III.,  1)1-:  Mild  i:  \  uiil  l.r  l.,il, nurd  l.\  I'.O.  Ol),  Mild 
\(  ),  ()|!,  I  Cspri  1  i\  rl\  .  'I  lllr  .iliiil  lllrlll  iiMilinils  \\  irr 
li.iLini  cd  Ml  \  Mild  \  li\  lllrsr  Ini'irs.  il  is  srril  lIlMt 
lllr  nlil\  piissililr  ni.inilrr  ill  w  liirh  |-,(  )  .iiid  ()l'.,  w  liii  h 
Mil-  MS  \rl  iinUnnuii,  i  Mil  Mil  in  nrdrr  iIimI  llir  luilirilhil" 
piil\-iiii  iii,i\  iliisr,  is  in  lllr  linr  \\.  I  his  drlrniiinrs 
lllr  pnilll  \:,  liir,  ill  order  lll.il  lllr  Inirrs  |-.(  )  mIkI  ()M 
niM\  .11  I  in  lllr  dirri  linn  W  ,  llir  linr  ininiii-  ()  in  I',  iiuist 
he    |).ir.illrl    In    \\    ;     i.e.,    t(t     loCUtC     H,     thr(llli<h     ()     llraw 

Ol-  parallel  to  XV.  intcrscctinj;  DA  at  H.    1)1     .md   I.A 

,1'i-.     11  III    rr|)rrsrnl    lllr    if(Hiiird    rrMilimis. 

Relation  between   Ik-ndin^   Moment  and  the   lunicular 
Polygon. 

l.rl  I'i-.  45  rrjirrsriit  :.  lir.ini  snpporliii-  miiv  -ciU'ImI 
lo.idin-,  \r.,  I!(  ,  Mild  (1).  In  llir  ri-lil  nl  lllr  li-m- 
is  lllr  \rilni  poKiMMl.  .\H.  IH'.  CI).  \)\'..  Mild  I'.A.  lllr 
.iliiilmri'l      irMiliniis      |)|-;     Mild      l'..\     liM\iii-     hrrii     Inuiid 


■m 


M'I'I   IM>      ■^  I   \  I  li 


(M, 


UlMplli'  .lll\      1)\ 


'>     ""■•in-    Ml     III,,    iiinj,  ,||,,,.    p,,K,,,,„      ,^    ,.^ 

'"■"""I    '"    'I-    I-'    l'."l.l.-,n.      I,    i.    ,..,|,nn.,l    ,.,  inul    ,1„. 
^•''"•-  "I    II"-   I'M-    .It   ;inv  s..,  ii,,„  (,., 


liiif)  (  I .  ). 

,.        ''","'"";    "••    ">    i-'l.r-,  I    ,!„■    I„„i,„l;,r     ,>,,K^,,„    .„ 
'■   •""'    1^-      l.fl    llic   p.rp.iulic 
li'ini     \|;    !„■    /., 


nl.ir  (lisi.iiK  ,■  ,,|    il„.   |),,lr   (  ) 


"'••  "•'^'-  •"  "•!  .\li;.;l)|-.nr  sun,  ,,r  tlu-  ,n..n,r.Us 
"'  '••  ^  .iiul  \\\  iiboiit  ,m\ 
(loiiit  in  (I.). 
Monicnl  <>l  ilic  rcsull.nu  nl 
l-;.\  and  \\\  ;il)()ut  ;niv  point 
in  (I.). 


f 


JO  M'I'I   II  l>     ■-  I   \  I  l(   >-. 

To  locate  the  resultant  of  HA  and  AK:  i.e.,  the 
resultant  of  all   forces  to  the  left  of  plane  (I.): 

In  (lisi  ii--^ini4  the'  pinpii  I  ii'->  ol  tlic  l!f|iiilil)i  imn  nv 
luniriil;ir  l'iil\i;Mn,  il  w.in  •~lii)\\n  tli.il  il  .1  siiiiiin  lie 
Ijkt-n  llir<(iii;li  I\M(  mcmliiT^  ol  the  li.imc,  the  rcsnll:ml 
111  till-  cMfiM;!!  1(111  cs  til  lilhi-r  ■>\t\r  i  il  lllr  sriliiin  ,iil-, 
lllt.illi;ll  till'  inli-.-Mrliiil)  111  till-  lilt  -.illr^  III  lllr  |)iil\  i^iill. 
Srilinii  II.)  I  iiK  l\M)  siili's  111  llii-  |)iil\i;iin  ;il  (■  jnil  K. 
II,  ihrn,  lllr  tun  nil  side-.  In-  pn  iilm  iil  In  iiilri--(il  ,it 
!•',  .IS  iiKJii  .ilid  in  lii;.  t^,  il  is  (■\  idint  lli.il  llic-  irsull.inl 
111  the  liincs  I'.A  ,111(1  A!',  iiuisl  .n  l  iIihiuliIi  lliis  pnint. 
liiil  Iriiin  lllr  V'crlnr  l'iil\i;iiii  il  is  scin  lll.il  llif  risull.inl 
111  I!  \  :in(l  \U  is  iipicsciiliij  l)\  I!!!.  Dr.iwini;  tliriuiL;li 
!•'  ;i  Jiiu-  p,ii:illil  111  IIM,  tlif  111"  piisilinn  nl  lllr  rii|uiiiil 
pisLilnml  is  liuind.  I  lie  mnmi'iit  i>l  ihis  n'suJIaiil  iilmut 
a  poini  in  sciiinii  |i.l  will  i;i\f  llif  drsjicd  15. M,  l.il 
Il    1)1-    llii-    disi.mri-    111    llii-     risiili.iiu    liiim    scrlimi    (  i .  I. 

.\i)\\  ic    1:0. 

IK     OH. 
(iK     HI.. 

I  luiiliiri',    .^'s   |(ii\  .ind   MIvO  arc  similar. 

1:1?  .illiuidr  /.. 

'Ihrn,  . 

(iK         allitiido  11. 

Or,   1:1?    <   h       (iK    X   /   (;,.) 

Hut  I;H  represents  the  resiiil.int  iil'  llie  rorri's  to  the 
left    of   seition    (l.). 

■jhererore,     I'H   x    h         H.M (4.I 

i.e.,    Irnni    (;,.)    H.M.    -     (iK    x   / (5.) 

\o\\  ,  (iK  is  lalkd  tin;  nrdinate  of  the  fiiniiular 
pohi^on  at  section  (i.l,  and  it  is  seen  that  the  H.M.  is 
lepiesenled  liv  this  ordiii.iti;  niiiltiplied  oy  ;i  loiistaiit 
(|ii  iiiiiiv  /;  so  that,  provided  the  proper  scale  is  used, 
the  It.M.  at  any  section  is  represented  by  the  ordinate 
of  the  funicular  polygon  immediately  beneath  the 
section. 


XI'PI.II  I)      -1   VTIC  s. 


7» 


To   I  ind  the   ;  .ale  of   ILM.'s  to  he   Used  with   Ordi- 
nates  of   the    lunicular   I'olyj^on. 

!■  '"'11      (.  )    ill   tlir    l.ivt    (li^i  iissi,,ii  — 

I5..M.        !  |{    .   I,. 

il-.l!    in    ill!  lii>    -   si-.ilr   (il    luicfN)    ill    in    iiu  lies   x 

■■<Mlf   i>l    din  •  nsi(inv). 
'■-'>    •    Il    (^i.ilc   111    lni(  (  .,    X    s(  ,il<'   III    (liiiurisicins). 
lUit   Ironi  iv)   |:M   .   li        (IK   x  /. 
■riifi.forc,    H.M.        (iK    (/   X   s,  ;iU.   ,,t    lurc.-s   x   sc.ile 
III   (linivnsi(.n>)  :   i.e..   ili,-   m  ,il,-   i,>  ns,.  ,,„  (i|<   ;,,  ,„,|,.r  i,, 
find     the    .i.lti.i;     \,,lii,-     .,|     i|„.     ,,.M.     is     (z    .    scale     of 
forces  X  scale  of   dimensions),    /   laiiii^   i.iLcn    in    in.  lie- 
il    the    s.  :||(      ,ir>     ptr    im  li. 


Caution : 

In  nrdtr  to  ^ii  ,i   i^uod   workini;  m  :di-  <.f  !?.M.\,  the 

pnlc  ()  should  he  s(.  .  hoscn   with   icItTfiK  c  t,.    \I).   th.it  / 

"ill    lu'    .1    qiuinlily    uliii!!   will,    uhm    iiiiilli|)li,-(l    liv    the 

■alts   (if   fonts   iind    (linifnsi,,ns,    j;i\c    ;m   fvcii    f|U.iiilitv 

'-uil.ilili-   for  iisr  with   ordinarv   s  mIcs. 


A   Graphical  .Method  of  Constructing  the  V.S.F. 
Diagram  for  Concentrated  Loads. 

I-ct  tilt-  \f(tor  di.-!s,'r;iin  of  tho  fonc-i  utintj  on  the 
lu'.ini  Ik-  (Ir.iwn  to  one  side  .ind  siit;hlly  lu-lov  the  rrpre- 
'■ntation  of  thf  luani  ,is  shown  in  I-it;.  .|-  Ii  uill  he 
assumed  lli.it  the  .iluitinent  re.n  tioii';  1)1-;  and  i:.\  h.i\r 
hcen  found.  I- rom  I-:  dr.iu  .i  line  IN". NT  par.illel  lo  the 
ionfiitiidinal  axis  of  the  I.,  .itn,  and  !■  ler-  tint:  tlie  abiit- 
ment  re.iclions  at    \   and   .M. 

1  he  \.S.|-".  al  ;inv  se<  lion  lutween  the  lefl-h.md 
ahiitment  and  the  first  load  is  e(|u;il  to  the  left-h.ind 
abutment  reaction,  the  value  of  whi,  h  reaction  is  repre- 
sented hv  I-;.\.  riKrelon-,  if  the  M:,ie  of  >lie.irinf,r  forces 
he  .hosen  the  s.ime  .is  the  m  ale  of  lorces  used  in  con- 
structinii  the  \ector  di.iirr.im.  the  ordin.ites  from  M\  to 
the  line  P.S,  which  is  il-awn  p.irallei  to  M\  throiij,di  \ 
will  represent  the  WSA-.  v.ikies  ;,t  .mv  set  ion  betwerr^ 
the    lell-hand     abutment    and     the    first     load,    f.  .r    these 

f  tr/ 1  <t-i  ■!  t  •>..       tiill      -.,.,.1,      I.   .  I      ,  I'    »  .... 

;    ■;■      ■-  " '^    '"-'  '-■^■-■■■■"    !<•■   •■..\.   wi,i.  ;     is    liie   \aiue 

of   the    X.S.I-.    iH'tueen    the   section     indie, led. 


,  -  Mil  III)     -.  I  V  I  |i   >. 

I  111'  ^  "^  I  I'lr  .in\  ^11  linn  lulwcin  lln-  |i|.,|  .mil 
"<<'''|'i'l  l".i<l  1^  I  i|ii.il  li.  the  IcM-h. 111(1  .iliiil  nii'iil  n.iitioii 
milium  till  hi-i  I. Mil  \|!.  (  ii.i|)|ii.  .ill\  ,  lliU  i^  K-pn-- 
•Miilid   l>\ 


\  \l! 


:i!. 


I  li<  iiliiii',  II,  (li.iun  p.ii.illcl  to  M\  IJimuL;!)  |{, 
i;i\(>  .1  (li.ii^T.im,  llic  ciidiiKiIrs  lioin  M\  lo  uliiili,  ri-pii- 
si  111   ilir  \'.S.I-,  ^.lll|l■^  hilutin  the  i\f-\  ;in(l  scrond  Ih.kI. 

If  >llii\\  iiiM  thr  s.iiiii'  line  ol  rc;i-.niiinir^  tile  orflin.ilcs 
iKim  M\  IM  \ W  ,111(1  ,\^  ,  wliiih  .IV, ■  (li,i\\n  p;iialli-l  lo 
MN  linm  (  ,iiul  1),  icspc(  li\(l\ ,  r(|)n-M'nl  llic  \'.S.I''. 
\:ilm-,   Ircni  llic  sti ond  IikkI  |,,  tin.  rii^iil-hanil  iihiitiiifiU. 
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Ai'i'i-iin    ^<l\rlcs. 


(  ii.\i'ti:r  \. 
v.s.f.  and  b.m.  i  or  movinci  loads  on  a 

BKAM. 

To  Trace  the  Variation  in  V.S.F.  and  U.M.  for  a 
Single   Moving  Load. 

I. It  :i   lo  1(1   <>r   W  pounds   lr:i\cl   ovor  llie  bi'.im   to  a 
position  disl^m'    x   Ifoni  the   It'lt-li.ind   ahutniont  a-    ri-prc- 
sciitfd    in    I'is;.    4i>.      I  Ik-   Ifft-liand   al)utnifnl   riai  lion    A 
I  — X 

will   llun  ho .W. 

I 
RMDII    is    the  X'.S.I'".    (hai;i-ani    lor   the    load   in    this 
()osili<in. 


Fig.  41). 


\o\\,  since  ihe  Ioa<l  i  ■;  a  nioxini;  one,  it  would  be 
(•\tiitni-h  inronx  t  iiicnt  to  draw  a  series  ol  X'.S.I'.  dia- 
t;r.inis   lor   nianv   or  all   [)o-ilions  of   tl.e   load. 

I.ookint;  at  the  diai^raui  KHDII,  which  is  a  \n\- 
fe(  llv  i;eiieial  one.  it  i-  -^ecn  lli.it  hec  ausi'  i\i>  and  l)H 
;ir(^  |i,nallel  to  I'll'".  IK'  repre-ents  the  \alue  of  the 
W.S.I',  at  anv  plane  to  the  left  of  ih.e  load  .and  t'l)  llio 
X'.S.h".    at    anv    plane   t(»  the  right   of   the   load. 


M'I'I  II  I)     >>  I  \  1  l(  S. 


'»    i 


Mut    \'.S.l''.    at    .my    plant'   lo    Icll    of    load       A 
-.W        lU';    and     X'.S.J'.     at    any    plane    In    ri:,lil     .il 
1  — X 


>ad        A  ^  W 


.W      -W         tl). 


1 


1  -  X 

If,    tluMi,    ordinatis    v .  W    lit-    ])l()Ili(!    iindci- 

1 
iicalh   till-   load  as   it    inoMvs  to  dilTiTent    ])ositinns,    sue  li 
that    V   ifpri'siMits   tliu    \aliK'   ol    the   X'.S.I-.    at    anv  ])lanf 

I  — X 

to  the  k'I't   of  the  load,   and  or<linates  v'        .W  —  W 

1 
he   aUo   plotted    iindi'ineath    the    load    in    the    same    series 
ol     |)osilions,    so     that    \'   repr<'sents     the    \.S.I'.    at     all 
planes  to  the  litjht  ol  the  load,  the  loc  ii  ol   the  points  so 
ohtained   will   he   the    straii;ht    lines   (il-"  and    I'!I.,    resjiee- 

1  — X 

tivelv.    (\'  will,  of  course,  he  negative  for  W  > .W.) 

I 
(il'I.l-;  is  a  \'.S.i'".   (liai;ram  for  the  movini;  load  W. 
Siipposint;   it    is  desired    to    tind    the   X'.S.I'".   at   a   plane 
NQ:   (I.)  when  the  load  is  over   I?i);   (j.)  wl     n  the  load 
is  o\cr   XQ. 

(I.)  The  \'.S.F.  at  NO  when  the  load  is  over  Hi) 
is  rcpresentod  hv  (."I),  for  t'l)  represents  the  \'.S.l'".  for 
all  pl.mes  to  right  of  load  when  load  is  o\er   lii). 

{2.)  \\  hen  the  load  is  directly  over  \Q,  the  X'.S.I'. 
at  N(J  is  indi'terminate,  hut  \I'  ri'prtsents  the  \'.S.I-'. 
;it  .ill  planes  to  left  of  \Q,  and  I'Q  represents  the  X'.S.I". 
at  all  pl.ines  lo  rii;ht  of  NO.  These  results  may  he 
arri\cd  at  .in.ilvticallv  hv  letting  x  he  the  di-tance  ol  the 
lo.id    from  the   left-hand   .ihulment. 

{•'or  any  pl.ine  to  the  lift   of  the  load  — 

I  — X 
X'.S.I'.        V        -        .W. 
I 

[•"or   an\'   pi. mi'   to   thi'   rii;lil    of  the   load  — 


111 


V..S.F. 


.W  --\V. 


Xll'l.ll  I)     ■>  I  \  Ml 


fct    I  ind   the   .Maximum  I'ossiblc    U.M.   as  the    Load 
.Moves  Over   Beam. 

I'lir  llu'  1(1.1(1  ill  .1  i^iMii  po-lliiin  il  l\,i-~  Ixcn  shown 
Ih.il  Ihc  m.ixiiiuini  r..,M.  i^  ;il  .1  ■-r(ti(in  (lircill\  Mtidcr 
ihr  1(1,1(1.  Il  i->  (inl>  rii( css'irv  lo  i(irn]).iif  tlic'-c  lii.i\i- 
muin  l?..M.'s  lor  tin-  load  m  dilhrcnl  po-ilion-  in  (-rdi-r 
lo    liiul    llu-    i;i«Ml<-l     possible     l).M. 

r:ikiiis4  llu-  lo.id  in  ;i  posilion  npn-scnlid  in  lii.;.  411, 
the  in:i\imuin  15.  .\1.  lor  lliis  position  is  rfprrscntc<l  liy 
RIU  1;. 

Join  (.1.. 

The  arc. I  <  i.S(  j-!  is  lluri  i(|n:il  lo  llic  arc.i  RIU'I-'., 
tor  llic  ,irc:i  Rl-St'l!  is  ( oninion  lo  holli,  and  llu-  -^  dk  I' 
i-(|uals    llu'    ^     rUS. 

riu-r(.ton-,  llu-  art-.i  (l.SCI-:  rcprt-s.-nls  llu-  nia\inuim 
r>.M.  lor  llu-  load  in  llial  position.  In  llu-  s.-mu-  way, 
for  llu-  load  in  ollu-r  |)osiiions,  llu-  iiiaxiniiim  M.M.  is 
r(-prc>t-nl(-<l  hy  tin-  area  bi-Uvi-t-n  (il.  and  j-^l-'  lo  llu-  K-lt 
ol    llu-   s(-(li()n    undrr   llu-  loail. 

Il  is  set-ii  llial  the  ^ri-atist  H.M.  ihal  will  oour  is 
r<prisi-nU-d  by  llu-  positivt-  ari-a  (i\l-;.  This  art-a  rt-|iri-- 
si-nts  tlu-  H.M.  wht-n  the  load  is  at  Uu-  ct-ntri-  ol  the- 
l)t-,im. 

1  Icnce  : 

The  maximum  possible  B.M.  for  a  single  moving 
load  occurs  directly  under  the  load  when  it  is  at  the 
centre  of  the  beam. 
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\:i'i  IKU    s  I  \  1 1(>. 


(  II  \l'l  Ik    \l. 
I'lI.I.HV    SYSTH.MS. 

It  i^  llic  inlcnliiiii,  in  llic  lolliiwiiii;  (li-.(  ussion,  t<) 
I'md  luil  imw  mir  cir  nimr  |iiillr\  hlin  k^  iii.i\  hf  inci>t 
.•iil\  .inl:iL;<  iHi^K  :iii.ini;i'(l  in  okIci-  In  lilt  ov  in<i\c  ;i  L;i\iil 
w  iii;lit. 

In  niii^t  MJ  tile  pinhlcm^  tin-  iii]Hs  ol  the  ^\->ti'iii  ;irc 
;i'..,iiinii|  to  hi-  i):ir.illrl  to  nnr  aiKithci.  1  lii^,  nl  iinil'^c, 
i,  niil  i|iiilr  line  ill  pr.Mliic,  hut  ill'-  criMr  .nislns^  lioiii 
'-III  li  .111  .i--^iliii|>t  ii  111  i--  --11  sli^lil  lli:it  it  m.i\  he  iul;!'''  tfil. 
iD^ctlirf  with  till'  i-rriii^  til, it  ;iii^r  Iniill  :i--^lllliiiiv;  lli.il 
tin-  ^lic,i\r^  li,i\c  1 1  ii  tidiilcs.,  hearings  and  that  tluif 
\\riL;lil^    arc   i!ct;liL;il)li'. 
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I  ijj.  17.  I  ij».  48. 

.Mi'chunical  Ad\antaffc. 

i  hi-    111(1  liaiiii  a!    a(l\aiUav;t'    <il    a    s\-,trm  <il      pulli-)-. 

i>  the  latin  nt  the  wrii^lit  lilted  to  tile  Iniir  lAcitfd  nil 
llu-    Iki'    riid    111     tin-    in|ir. 

I  In-    inn  liaiiiral    aiKaiitai^c    is    snnu'tinics  iclrrii'd    In 

as  tlir  L'tlicicncy  of  the  system. 

I.  l.rl  \t-j..  47  icpirsini  .1  siiii^lc  1)1(11  k  tasjcncd 
t.i  snini  sup]inrt.  \l  (iiii'  end  nl  llic  rnpc  is  Listened  a 
wei-ht,  W  .  It  ;-  i(';';i'ed  !^:  )ind  ;!;;•  '.■■•.:■:  ,  !'  •.^!;;.  !;  ;i^;;~; 
I'c   iMilril   ,il    tile    I  lie   end   nl   tile   rnpe    in  iinUr    In   kei  p 


M'lM.ii  I)   SI  xrio. 
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llu-  \\cii;lil  \\  in  cquililirium.  Anv  ;;rfaltr  r(H(  e  tl);iii  1* 
\mII  lilt    W. 

Consider    llic     pulley    ;is    ;i   ritjid     body.      It    is    ;ii  tod 
u|)<.ii   hy   three   lop  es,   I',    \\  ,    ind    1",  in  e(|uilil)riiim. 

I  ,ike    moriieiils    aliout    tile   (fiitrc   <•!    roljtion    ol    the 

sIlCMVC. 

^M        Ml'    •    M\\    ■    Ml       ... 
r.r- W.r    ■    (.       o, 
1*        W  ; 

if.,  will]  siK  h  .in  ai  r.mi^eiiient  nl  thi'  liln.  k  the  lorcc 
lAt-rled  :it  the  lice  end  iil  the  rope  li>  kei-p  the  s\s!eni  in 
f'lililihriuni    inii-.i    |,e    e<|nal    to    ihf   weitjht. 


W 


Mi'ihaniral    \(|\  anl.iiji 


"■  lal  the  Men  k  he  ,il  t.n  lied  to  \\u-  \\eii;ht  .iiid 
"I"'  '■"<!  Ill  till'  riipe  made  r.-i-i  to  some  aluiiment  as 
ri-presenled    i'      j-io.    ^s. 

Coiisidei  the  |)iilley  .is  ;i  rii,nd  body,  it  is  ar  led  iijion 
b^  the  three  Ion  cs  AH,  n(\  and  (.A  (usins;  How's 
Ncilalioii)    in    ei)uilibriimi. 

I  .ik,-   momi-nts  about   the  ,i\is  of  rotation   as  in    I. 

-M        Mm!   ■    Mm     .    Ml  \       <). 
AK.r--  lU.r    -  o       o. 
AH        Hi-. 

II  ,1  lone  r>r  V  ])ounds  be  ajiplied  at  tin-  liei-  <-\)(\  of 
the   rope,    then    lU'         I'         \ii. 

lo  lind   the   mai^niliide  ol    I'  — 

-N'        ^'\n        ^  H(     •    \'i  \        o. 
I'        I'—  W       <i. 

I'        ',  W. 


Ml'  ll.inii  al     \d\.int,ii;e 


W  W 


1'        '    U 


ill.  In  a  s\stem  sueb  .:s  rt'piesenled  b\-  \'\^.  40, 
il  .1  lorre  I'  he  .mplied  to  the  tree  i-ivl  ot  the  rope,  theie 
uiii  evisi  .1  tension  ol  V  poui'ds  I hroimhoiil  the  ri>|M- 
s\  stem. 


Si  1  \l'll    II    |i      ~  I    \  I  I'    ^. 

I  hi  Iw  ■•  Im,\i  r  lil.M  k-  .lie  I  ..mil  .  lid  l..:;iiluT 
ilwiilK,  I  lii\  iii.i\,  lliin,  lir  1  iiii^idi  M  il  .1-  .1  l"'il\  .11  iid 
ii|i,,n  \i\  liHii  npw.iMl  liiMi-  ■'!  m.iuniliiili  I',  liiir  li>  Hu- 
ll ii^jun  In  ill.  iii;i(  -.  .111(1  .1  lillli  (lew  iiw  .ml  liri.  r  i.l  iii.i-- 
iijl  nil,     \\  ,      I  lu  -,,     liii  I  I  -    ,in-    ill    1  t|nililii  iiini. 


1\       llil      jllVM-l      IU(.    llilM    k~  (    I'  \\ 


1'  w 
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Mf  1 1. 1  nil  .il     \il\  ,int.iL;r 
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So.  4'.l. 

I  111-  li.lK.win;;  1  jv,  _,  il  is  r.isilv  sr.-n.  .iic  nifn-l\ 
spii  i.il  .■\.;iiipli-s  1.1  ill.-  in.  .  1  <lin<;  pniliK-iK-  1  <iv  tills 
rt.isiiii   ihi-   siiliiti.'n  ..I    .Mill   .  .is.-   is   I  ..iidcnsi'.l 

I  111'    iiu.i-.-    .11  I  .iiil;.  iii.ni   "I    'Ik     !■•-'    '•'-■     '''"'^'^    '^"' 

olu.       .|s        i;i,i,.|       i-llli   il   111    \  .  I  llis        s\s|,-'ll        is        -liiiWIl        .It 

I-ii;.    5.1. 
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Fig.  50. 
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M'TI   II   11      -  1   \  1  11   ■-. 

^N'    l,,i    I..U.1     hliH  1.         ;,  V         W 

1'         '     W. 

w 

1' 

Kclriiin-    II.    liu.    51,    il    1'    '»■    iIk-    m.iunilniic  nl    llir 

hM' 

.ipiilicil    10    llir      Irr.-      ciul    ol      llif    iiipr.     lIu'H      llif 

1.  n~ 

1,11    in    llic    mill-    |l,l■^Nin;;    i>\r!     lln     lnwri     |)iilli'\     will 

Im-    . 

1'    .(■n    iiulii  .ilid. 

!■             W  . 

W 

Mci  li:inii  .il      \il\  iilU.it^r                         \. 

v 

In    ;in    .nr.ini^rrncnl    -.11'  li    .1^    nim-^fnlcd   In     l-ii;.    5-', 

il    1 

pDillul-    lie   .inplird    III    llu'    hiT    rnd    1  il     lllr    iii|)i',    lli>- 

mci 

h.mii  .il    .i(l\.inl,i;^i-    will   In-    ^      llu-   -Indinl    i^    ad\i-«d 

IM    1 

;;in<-    llii-    luit    liir    liini-rir. 

The  Wtston    Differentia!   Pulley. 

In  Ihr  (vrdin;ir\  piillcv  -x^lcin-,  w  luTc  ihcr.-  is  a 
flic  iiipr  iiul,  ihrir  i-  jlw.iv^  iiinr.-  1  n'  li-s  inri.n\i-ni- 
ini  1-  .irisinL;  Imni  llu-hiii^i-  .u'lount  ul  mpi'  Ixini;  :n<>iin(l. 
\ddi(l  to  lliis  i-  llir  I.I'  I  lli.il  il'  i"di  r  In  lilt  .1  wci^lil 
,,|  ,in\  -I/,-,  .1  nnniliri  nl  Mniks  nui-l  lir  u-i-il.  'In 
nli\i,ilr  all  llii-.  ili.  I  )illi-i  rnli.il  l'nlli-\  i--  n-<d.  \\'J..  5;, 
illiislr.ilr-  di.i^r.imm.ilii  all)  llir  sinipl.-i  Imni  nl  llii- 
l\pc  III  pull.  v.  iipnn  wliirh  i-  lia-rd  all  other  dilU-rcntia! 
ananuinu'iils  nl  lilniks.  I'lii-  l\pi-  is  known  as  the 
WisioM  DilliTinlial  l'nlli-\.  Ikf  sxsicni  lonsisis  ol  an 
nppir  liloi  k  I  ompos<-d  ol  Iwo  sIumm's  ol  dilh-rtiil  ladii, 
I  ,isi  mlii^ial.  and  a  lowii-  lilork.  wliosc  radius  i>  s;cn- 
,.r,,lh  ahoni  ihal  ol  llu-  small. -r  ol  llir  iippiT  two, 
alllioiii^li  lliis  is  iniin  ilrrial.  'llu-  upper  iwo  liloiks  l\a\i- 
rouL;lu'iH-d  vims  in  pic\cnl  llu-  iiidlcss  rhaiii,  whirh 
])assrs  o\er  llir  svsii-m,  iVom  slipping.  'Ijuic  is  alwa\s 
some  ai  1  aiici'iiii-nl  rasi  on  llic  iippei  Mix  k  i  asiiiL;  wliirh 
allows  ihe  rhain  lo  run  when  pulled  eilher  way,  lull  il 
li'll  liaiiL;ini;  idle,  ihe  1  liain  rherks.  Thus  il  is  possihir 
1,1  lili  or  lower  a  weii;hl  lo  an;,  desiied  heiL;hl  and  lea\e 
il  unallended.  Ihe  lower  Mm  k  has  a  smoolh  eireiim- 
lei  em  e. 
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cross  section 


Fig.  o3. 


Iiir     |,.«,r     |)li„  k,     i.ikc     mimii-nts     aljuiil      :ixis     <>| 
riil.itioii. 

-M        M\it    •    Mm         \\\\  o. 

Al^:.  —  lU'.a    •    .,  ,,. 

.\I5  lie (1.) 

-^         ^  \n        \w     ■    \\\  a. 

Al?        IU~^W  „ 


.IJ.) 


Stil>>liliilc   lor   AH    Irorii  (i.|   intu   (j.) 

-•  lU        w. 
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lU         AM 


I.ct    .1    Ion  (■   of    P    pounds    lie   applifd   lo  free  tnd    of 
I  liaiii. 

I'or  tlx'   upper  hlork,   taking;  niom-Mils  about  axis  of 
rotation  : — • 
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l.M        I'.v     •         .  I  .1         <>. 
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Mi'<  h.iiiii  .il   Ailv  .1111.114) 


I'        t,     -  r. 


I  I'r  Mil  li.mii  .il  \(l\.inl.iL;i-  nl  sim  li  .1  s\  si,  ni  is  ilun 
1'(|ImI  111  iwiii'  lli(  i.idius  111  till-  \:[\v.r  hlmk  (li\i(Uil  li\ 
tin-  (liltiTiiii  I-    lirlvMi-ii    llu-    i.idii   lit    tin-   l.ir^c   .iiid    sin, ill 


To   l)usif*n  a   DiffL-rcntial   Pulley. 

Di'siyn    ,1    (lilli-nnli.il    |)iilU\    tu  lill    a    tmi    wiii^lit    l'\ 
;i|)|)lvini;  III!   i>iiijih|s   Inni-   lo  llic   luf  ciid  nl    llu-   s\slini. 
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Mil  li.Miir.il     AiK  .iMt.ii;c 


.Sim])lir\  ini;  : 


10  r,  —  f 

JUUO  Jli 


U)  r,  —  r, 

r,  JiK) 


I.,.S 


sii  1I1.1I  ,in\  ■  ilUri-nli.il  piilU-y  wimsi'  upinr  him  Is  h.ivc 
lllcir  i.idii  in  ll\r  iMtin  nl'  _'(K):ii|.S  will  s.ilisly  llir  d<- 
ni.mds   III    ilii-   |)i  uliliii). 

'\li.il  wimld  llif  Mcrh.in'n  :d  \d\;nilai;r  In-  il  ihc 
iMdii    111    llu     two  uppiT     liliH  ks    111     .1   diili-ii'nli.il     pnli:  v 

"  I'll'    )l|U.ll  .' 

Adswit:  Inlinitc.  Thf  kf\  In  lliis  snininL;  paiaiiii\ 
is  tli.ii,  .illliiiiii^h  lllf  .idv  ani.im'  is  inlinili-,  il  wniild  lake 
an  inlinili-  linn-  In  .k  rnniplisli  anNlliin^;  willi  surli  .1 
piiH<-y. 


Important. 

In    llu-    prni-dint;   disinssii  n  nl    puUi-v     s\s|i-n)s,    il    is 

sci-n     ili.il    il    is    |)nssihii-     In     lill  I    l.n-L;r     ui-i^lil     ti\    llir 

ipplii  alinii    nl     \i-r\      lillli-     Iniri-.  llu-     sUiilrnl     imisl     nnl 


M'I'I  II  II     >.  I   \  I  II   s. 
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'■'"  'II'"  ''"•  liMp  of  ll.inkiiii;  th.il  li\  «l..in:;  ,  Mm|p.ii  .it  i\  ,l\ 
lilllc  Wi»rk  .It  oil.'  ,'i,<|  1,1  III,.  s\s|,.|M  III. It  .1  i.ii-,  iinniint 
ul  «t)rk  I  ,111  I..-  rli.n,.  ,||  tj,.  ,,i|„-r  ,11. 1.  Ilir  «,,ik  ,|,„u' 
ill  linlli  cnd^  III  ill,'  s\  si,  in  is  <\.i,  lly  thr  s.niu-  in  tli,-,.r\. 
l'lMrli.;,||v.  lli.i,.  VMJI  U'  ,,  nic,  h.ini.  il  loss  .In,,  j,, 
''I'  'i"ii,  ilr  .,  l),-t\\<fii  ill,'  In,-  .ml  .111)1  ihr  u,  |.|i|  1„  111.. 
lilti-.l. 
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cii\1'ii:r  xh. 

I  RICTION. 

I  In-  li-nii  I'riction  is  iisid  lo  <ltsii;ii:iIo  tlii'  rt-si-t- 
aiiii-  (illrrcd  w  lu-n  wc  [itlfm])!  to  moM',  or  actu.illy  <iii 
in<)\c,  (iiif  hndy  whiili  rol^  iti  .  unlacl  willi  .motluT. 
Il  is  a  \aiial)li'  (|uaiitily,  <U-i)iiulini4  <>n  c  inuinManrcs, 
hut  usualK  iiMi  Ill's  its  inaxiinum  \aiuc  w  iicii  liu'  hotly 
is  just  on  the  point  ol  inolioii.  Ilif  name  Liniitinf< 
Friction    is    used    to  (U'noto    lliis    maxiniuni    \aluf. 

liurr  aiu  two  isinds  ol'  liiction,  Slidin}<  and  Rolling, 
tile  lorinn  nanu-  Ijciiit;  ajiplird  to  rases  w  lure  a  lody 
slides  over  another,  and  there  is  a  delinite  i)hine  ol  eon- 
lac  I  ;  the  hitter  to  eases  wiiere  wheel-  ete.,  roil  aloni; 
with    small    areas   ol    eontai  t. 

One  L;eneral  law  which  ajiijlies  to  all  kinds  i>t 
Irietioii   slates  that  — 

Friction  always  acts  in  such  a  way  as  to  oppose 
motion. 

The    lollowint;    eases    should    he    examined    and    the 
diriMlioris    in    whieh    Irietion    aets   fully    determined:  — 
I.      Ladder   resliiii;    at;ainst    a   wail. 
J.      Iron  wheel    rollini;    on    an   elastic    plane. 
^      Kuhher-liri'd    wiieel    roHintj   on    an    iron   j^lane. 
4.      Rope    with    a    weit;ht    on   oaeh    end,   one    jiieater 
than   the  other,   stretched  over  a   fixed   ])ulley.     (a.)  Rope 
just   on   the  point   ol    moxint;.     (h.)   Rope   mo\insi. 

T.  Rod  restins,^  on  a  tahle  pulled  at  one  end  ]Mr- 
peiidicuiarly    to  its   k-iiL;th. 

I).  Riiiii  laid  on  a  roui;h,  horizontal  tahle  and 
pulled  at  anv  point  tani^ential  to  rini;  so  that  rins,'  is 
just    on    point   ol    motion. 

The  laws  ol  rollini;  friction  ha\e  not  heen  lully 
inxestii^ated,  and  will  not  he  discussed  here.  I  hose  oi 
slidint;  friction  are  more  fu'ly  understood,  heins;  hasetl, 
howcxcr,  on  i\periment,  and  heini;  true  only  within 
ii-rtain   limits. 

The  chief  laws  are  :  — 

I.  When  motion  is  just  ahout  to  take  place,  there 
is  an  approximateK  constant  ratio  luiween  the  Irietion 
and  the  normal  pressure  hetween  the  two  bodies,  which 
i,   called   tin    C'i«'l)icient   of  Statical    Imi.  tion. 

This  ratio  is  usually  a  small  fraction,  and  tables 
are  ((instructed  empirically,  ^ivinii  values  lor  <lillereiil 
bodies. 
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H    ;i   li(i(l\-   in 


on    .111   iiK 


lined    plailf,    Us    \m-ii;H 


t    W 


tliniiiuli    llic  1  I'litrc   111'    i^r.iMly.      I  licr 


llic   l)(id\'    llu-   rc:H 


lion,    \,   ol    tho   p 


i'(|uililiiiui  "  resting' 
irlinL;  :!•-  indie  :itfd 
•  is  :iK<i  MitiiiL;  on 
n-  pcrpundicul.ir   lo 


<        ^^^-J* 


Fig.  54. 

the  surf.ii'c  ol'  rontiut  -.xnCt  llie  fririi( 
nctini;  on  tlie  hod\'  ,ire  in  e(|ui 
i^X       o;  ^^■  -  o;   and  -M       o. 


'I'ldsinu  tlie  :i\i-- 


)l'   \  pniMllel   li 


indieiited- 


iX     r^     —    W      COS      ((lO 


SV  =  —  W   sin    (.,(1  — <■) 


\\" 


Suhstitute   \:ihie  of   W   I'roni  |i 


\ 


111    I-".      Iliese   forces 
lilirium.      'riierelore, 

1  surfiK'e  of  piano  ;is 

(1. 

W  sin  t». 
F 

(>.) 

sin  f 

o. 

W  eos  a (J.) 

)   into   I-'.). 
1" 

.    ("OS    a, 

sin  " 

tan  a (;,.■) 


\ 
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Niiw,  ini;iL;iiii'  lln-  pi. tin-  .i--  ln-iiii;  !4r;i<lii.ilh  lippiil 
tip  so  lli.il  llic  .iiii^lf  (il  iii(iiii:il  ioii  "  IxTdiiics  i^n  Mirr  .mil 
i.;r<Mlcr.  A  pusiiinr.  will  In-  cv  inl  u;ill\  rr:ii  hcil  li(\i>n(l 
wliiih  the  pl.iiif  (  .iniiiil  III'  I'.iisfd  wiilioni  (  .nisint^  \\\r 
I)(m1\  to  >lij),  I  he  phmc  i^  ihcii  vjid  to  he  im  limd  .il 
tin-  "angle  of  repose." 

I  )i-liiiitioi)  :  — 

If  a  body  rest  on  a  plane  surface,  the  An}<le  of 
Repose  is  that  ang'^'  beyond  which  the  plane  cannot 
be   inclined   without   the   body    moving   down   the   plane. 

When  the  pl.iiic  i'c;ii  lu-s  tlu-  .itiijle  ol  icpo-,c 
from    (_^.) — 

1- 

—  ~    t.itl.    .iili;!!'   ol     rc|)osc. 

N 

F 

— ,    in     this    j):irti(-iil.ir    iiist.-nirf,     is     know  11    .is     tlu> 
\ 
coefficient  of  friction,    iis;  ,,lly   dcsii^iKitod   hy   tin-   (iicik 

icttcl-   M. 

Coefficient   of    Friction     m     tangent   of  angle   of   repose. 


!    i 


!•-  " 


l-r 


I' rom  the  pri'\  ions  discussion  it  is  seen  lliat  il  ;i 
l)o(ly  rest  on  :i  pl.iiif  surt^ict'  which  is  inclined  at  an 
;ini,'le  less  than  the  anyle  of  repose  (sometimes  c.illed 
th'-  ani,'le  of  friction),  the  liody  will  not  slip  down  the 
plane.  If  now,  some  extern.il  force  he  .applied  to  the 
body  so  as  to  cause  the  Ixniy  to  he  jUSt  on  the  point 
of  moving  eitlu'r  up  or  down  the  plane,  the  resistance 
ollerei!  by  Iriction  can  in  e\*'rv  such  case  be  experi- 
menl.ilK    shown   to  be  of   a   m.isjnitude   sjivcn   bv 


F       \.M 


(4.) 


Where   !■'        Iriction.il  resistanc*'. 

X   -  pressure    normal    to   tlu'    pI.iiH'. 
M    -   cix'tticient     of     frii  tion     for     ])lane     .md 
bod\ . 


Problems. 

.\  bod\  Wfiiihiii!,'  Kx-)  pounds  rests  on  ;i  plane  sur- 
f;i(  c  whi(  h  is  imlined  to  the  hori/ont.il  at  an  ani;le  of 
30^,  the  ,ini;le  of  re[).>se  for  the  jjlane  and  body  beintj 
4S   ■       '   'li>'     "  ilai     font-    .iiliMi;    p.ii.iiiri     lo    ilu'    plain-     will 


^^:r(/^im^.mm^n 


go 


vri'i.ii  i>    -s  I  \  I II  ^. 


ciiisc    llic    ImuIv    Id    t)r    <<n    tlu-    point    lA    mii\iiii;:    (l.l   »p 
ll\c  i)l;iMc  ;    (J.  1    <lii\\  II    tin-    pi. 111.-. 


iMfi.  :^:^. 


1'  i^-    55    \    rrprrsciits   c  use    (  i .  ). 

Ih..  1(111. ■-.  kiiiiwn  \<>  ^11  t  on  llu-  l)o(l>  :>'■<••,  W  i<'" 
pound-  :i(lin-  lliroui^li  llu-  <fnlio  <>l  t;r;i\ily  of  tlif  body; 
I-',   the  liiiiion;    1',   tlir   ir(|uirc(l  Ion  f. 

Since  ^lu•-^(■  lore  i'-<  arc  in  (.•([uililiriuni,  -\  o; 
i^•        o;   iiM         o. 


i-X        \\\    ■    Xi'       Xi        o. 

W   c  ()>    IK)        ■      1'  I'  (>  • 

XoU      I-"  X.M. 


\\  luTf   X       W  '  ■>''  ;,<>         KX^- 


t.s) 


*3 


;o  %  ;,. 


and   "        tan   anisic  ol    rcj)osi'        tan   45  !• 

riuTflorc,    I''        30  s  ,;   X    I- 
Suli^tituliii!;   thi•^  \ahii'  oT    I-'    inlo  (5.), 

—  too.  '  J    ■    V  --  .so  ^  ,1        o. 

l*       (30  \  ;,    ■    50)  pounds. 

Rrl.Ti-in!::  to  l-ii,'.  55  l>  I"!-  'a-o  \i.\.  V  rcpri's,-nt> 
llu-  rr(|iiircd  Ion.',  and  I-",  w  iiicli  in  llii-~  taso  a(t> 
upward  or   ai;ain--t    tlu'   tnuk'n.y   to  motion,    tlic    Iriction. 

:::X      Xu      Xf'      Xi'     <>. 

—    W,Os    l>o      -    1''     ^      !•■  O ("■> 

I'"        X.M        50  V  ;,,   whirh  il    >ul)--titiit<.'(l  in   (n.)  gives 

—  too.  ij  —  I''    •    50  \  .1        o- 

I''  -  Su  V  ;,  —  50. 


M'I'I  II  I)      '>  I   \  I  II   --.  1)1 

.\  Ixulv  w  (_'lL;liini4  ^o  pniiiuls  i<-.is  on  :i  pl.inr  siiil:iii; 
wliiili  is  im  imcd  to  llic  liori/i  ml  .il  :it  .in  ;ini:lc  i>l  .|^  . 
I  lu-  (  ( jcllii  iciil  (il  liirliDn  lor  lio(l\  ,111(1  pl.iiir  is  i  \  5. 
W'li.il  is  llu-  .iiii^li-  ol  rcpcpsc;--  rind  u  h;it  Linr  must  he 
cM-ilcd  on  liu'  l)o(K  in  .1  dirtviion  p:n:illfi  to  the  pl.nu' 
to   keep  tile   l)od\    just    on  tile   point   ol    sliding    ii|). 

rile     roillii  ii'iit    ol     Iriilion        t;inm'nt     ol     ani^li-     ol 
ropose. 


m 


t;in   ;,o" ; 


i.e.,    till'   wni;l<-  of   repose  in    this  (  .ise  is  50  . 

It    is   evident    iIkiI    llie    liody    Would,  if    left    to    itself, 

sli|)    down    till'    phine    hi'eause    tilt'    ])hine  is    iiirlined    past 
ih<'   :ini4le  ol    repose. 


Fig.  .iC. 


I'ii;.    50  ri'iirt'sents   the  eondition   ol    ;ill;iirs. 


^:x      \\v  ■  \i'  ■  \i      o. 

—  50  (OS  45     •    1' —  I'"       o 


(7-1 


F     r-     X.M. 

I  I  I 

^3  *    -         ^   .1 


i^-.^sS'  :.:=-.■-  .■  s^-^-.-4iV  '-i--: 


.V-:-  -iiyTi^ -■■ /i&O'-i^^'^^^l-'    ,-.fe'--/g*\ 


I!. 


I 
ill 


C)2  Mi'l.ll  I)     ■>  I   \  I  H^. 

Siil)-liliilin-    llii-.   \iilui-   nl     !•■    into    I7.). 


I  50       1 

50--         I-  -.      '- 

\  J  ^  -'     ^  .1 


V  2  V  3 


!f 


AI'I'LIKD     STATICS. 


o:. 


n 
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-/^-^■■-:.r.   < \.^      .     *^*^-^j'i-_T-.'r'n-- 


5^  /:  C  "-?,-^--- 


'^EKnarumfcwacffl. 
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(  II  \l'l  IK    Mil. 

WIND  I'Russi  im:. 

Pressure  im   Siirlatcs  Normal   t(»   Direction  of   Motion. 

Il  will  lir  |iiiin.iiil\  ,1-^iinu'il  lli.il.  Inr  :m\  •-t.ilc.l 
\il(iiil\  III  wind,  llii  m.iliiiii  <il  llir  .111-  p.iiliilc^  i^  uni- 
Imin  l(ir  ;ill  |ii  i-,il  i(  iii>  mi  .iiu  L;i\i-n  cm-.^  sriliiui,  no 
aii.iiml  liiiiii;  t.iKin  nl  inln  liniic  i-  nl  |),iitiiUs  with  diU' 
jiiMilur    (ir   111    rdiiir^. 

All  c  .ill  iiLiliiiiis  will  111'  in:i(lr  ,it  I'll  l'';ilir.  Icmpi-iM- 
Imi-  .iliil  71 II 1  (111-.,  I),ii  I  iimirii  |)ii-.^iirr.  I  ildr!'  lllc^c 
I  iindiliiiii--  iinr  1  iiliii    Innl    1  il    .lir   wi-ii;li'-   aijS  jiunnd-.. 

I.il  till-  \iliH  it\  111  tin-  wind  In-  'A"  left  per  ^irnnd. 
(iiiisidiT  ;in\  iiii-.>  -.('itiiili  111  line  --(|u:iic  luiit  :irr,i.  I  he 
Miliinu'  111  .lir  tliMl  will  llnw  p.i^l  tlii-  ->-itiiin  in  ont 
second  i--  <\ idiiiih  :- 


\'    X     I    ruliii'    Ifi't  , 


(I. 


',) 


(ir,    in    ntlur    words.  -.Imr    llir    llou  i-~    -iiMdy   (uniform), 

\'    luliir    Ifft    of    :ii.  tlo\.     ji.-isi    tlTw  sfition    |K'r    mtoiuI. 

MullipKini.;    (i.l    li>  .07.S    ^ixcs    llif  tlnw     in    pounds    per 
siTond   :is  : — 

\'   X    1    <   .07S       .07S  \'   poun(1>-  per   second.,    (j.) 

Let  f\\\  hr  tin-  W(ii.;lit  of  :iir  HowiiiL;  p:ist  this  same 
strtion    in   .1   time   "d  T"  ;    tlii-n,   t-vidently, 

dw     (.o7,s\-i  <rr. 

\ow",  let  .ittention  he  lonlincd  to  an  .arci  of  one 
s(|narc  li«>t  of  an\  suilarr  noinial  to  llu'  motion  ot  tho 
air  p.iriii  Ics.  C'r.nsidcTint;  tlir  mass  of  air  as  hi-int;;  m:i(ie 
up  of  .1  lUimhtT  of  small  m.isscs  of  mai;niludi'  "dM," 
llu-  aclioii  of  t-arh  o|  tlu'sc  small  particles  as  it  strikes 
the  normal  surf.ice  is  of  an  ini|)ulsi\e  nature  ol  duration 
"dl,"    such    that  :  — 


P. (IT       dM.\' 


(.V 


dW 

Init    (IM 


.07S \)  d r  ;,. 


M'I'I  II  I)     ^  I  \  I  K  N.  (|^ 

Snl)Niiiiitiiii;  ihi^  x.ihic  1.1   <1M   in   (_',.!,   it    i^  -itii   tli.il 
l'.<ll  (.(.7S  \  I  ,11. \    ;,...j; 

nr, 

r     .(.7s  \    ^j.j (4 ) 

wliiif  1'  is  iIh-  i,ni)iiUi\  c  liit.c  .iiliiiL;  I'li  tin-  nmrii.il 
••uiliMc;  .111(1,  -iiii  ,■  till-  iin|niUr  i--  disii  iliiit<(l  (i\ri'  uiic 
.s(|Uaii'  l<"il  .iii;i,  I'  in.i\  lie  ^.lid  to  hr  llu-  icsnll.inl 
pifNsUlc    plT     --(ill.iic     IcMil. 

In  ('(ininiiin  (  ).  1  \'  is  in  Int  pi  1  sciimd,  hnt  il  is 
usii.il  l((  txpn'ss  wmii  vrliiiilics  in  niilcs  per  hour. 
I.rt    \'   l)f   'III-  wind    \ii(Mi!\    in   inilis   pir    Imin"  ;    ihrn 

\  \  '    y    ^jSo  I  i(j   A    I  >i>. 

'■47  V. 

Suhslituliiii;   lliis   v.iliio  i>l    \'  in  (|.),    we   sec   tluit 

V        A,jS  (1.47  \'r  ;,j.j. 


w  liiili   rcsLill,   ;is  would   he  tcMsnii.ihh   cxpt-c  led,   is  lii^lier 
lluiii   praiiical    txpeiiincnts  sliow. 


^*m;^ism^ 


HI 


I  I 


S6 


\IMM.ILU     SIATIO. 


IMU)m  I  MS  IN  APIM.Il  D  SIAIICS. 


(  II  \l'l  IK    \l\ 


<li 


MISCIil.l.ANIOrs    I'KOHI.I  MS. 

II  the  Vcttor  i'ol>)<)in  be  drawn  Idr  a  set  ot'  forces 
which  are  in  eqiiilihriiim,  the  polvfton  must  chise. 

I.ct  I- it;.  yS  n  prcsciit  ;i  rlia'm  p.i>s,-i|  iluiini;|i  .i 
pulley  lo  wlliili  is  ;itt:i(lu(l  ;i  hook,  ;is  shown.  It  the 
(  h.iiii  is  in(  lined  lit  ihi-  hi)fi/oi)I,il  ;il  oo  on  .-.i,  h  ^id,. 
ol  ihe  block,  wh.il  siress  will  lie  iiKhnid  in  iho  (  luin 
hy  JKiiii^ini;   :i  \\eii;ht  ol    ?,4')4  pounds  on   ihc   hook-' 


II 


Fig.   58. 

For  ;dl  pr.ictic.il  purposes  tlie  rrvndition  of  nffnirs 
is  such  as  indicated  in  tho  Statical  Di.iu'r.im  (I-"ig:.  ;o), 
a    known    lorco   .\H   ot     ,v4'i4   pounds    at  tint;     vertically 


!S&^^^I^Si?^3kSr^l^^^^^S. 


(,S 
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(l(i\vii\v:ii(l,  :iii(l  1\\<)  unkiKiwn  forces,  lU'  .itid  ("A,  ^utiiiL; 
in  (lii-.-(ii<ins  uliicli   :iii-  inrlincd  ;it  (>o     lo  llic   lioti/ont.il. 

It  is  rci|inrc(l  tn  lind  tlic  mamiiliulfs  i,\  tlir  l\v<i 
forci's,    lU"   and   ("A. 

'llu-  Ihrri-  lnrr<-,  A15,  lU".  ;ind  ('\  :nc  in  (•(|iiiH- 
iiriiim  :  tluTflin.',  if  tlicir  mmIoi"  polvi^on  !»•  rdnstrurtcd. 
it    iiui  >t   close. 

'I"()  coMsiriH  I    llic    \ci  tor    I'olys;.!!!:    - 

l-"rom  .-iny  inilial  point  A  (Im-.  (h>)  draw  a  lino  AH 
lo  rL-prcscnt  i  oniplctcly  liic  \crtical  fonr  ol  ;;,|"l 
pounds,  wliicli  is  known  as  tlio  force  A15,  A  and   li  hrin- 


.horiiontal    D 


B 

Vector  Polygon 


3464- 

Statical  Dia0. 

Fig.  59.  f '8-  60. 

tlic   letters  on   the   areas   to  each   side  of   the   line   repre- 

sentini;   the     force     in    tiic     Statical     Diagram.     (Such    n 

svsteni  of  lettering   is  known   as   I'.ow's   Notation.)     l'"rom 

li    (Iml;.    no)    :■    lint'     is     drawn    to    represent     the     known 

direction    of    the    so-ialled    unknown   force   HC    (I'is;.    SO^' 

Now,    liecause    the    vector    i)ol\i;(vn    nuist    (lose      we 

know    that    the   line  represeiitini;    the    unknown    force    C'A 

must    p.iss  tlirouLih  the  initial   point    A   (Imr.   '•«).     'Ihere- 

lore,    from    A    (l-ii;.    no)    draw   a  line     niakinii     ;,()      with 

XH;    i.e.,    to    represcnl    the    direction    of     the    lorce    C.\. 

This   line  inl<-rsccts    the    last    line,    drawn    from    H,    at   C. 

UC     :!!v.l     </\     (I'iu      "<))    represent     conniletelv    the 

hitherto  unknown   forces,   and,   since  the  sense  marks  m 


M'I'I.II  1>      >  I  A  I  M   s. 


')') 


.1    \erl()|-     ])(il\i,'(>ri      niu--t      point  cotitinuDUsK     litim     tin- 

initial   to   tln'    tiiiai    poiiil    (wliicii  in    tliis    case    aU'  coinri- 

(ifiit),   tlu!  Miisis  <i|    lU'  and   (A  arc  as  iiuiiratcd  1)\    tlu' 
arrow  licads. 

II  now,  tile  M'li'.f  marks  as  loimd  in  I'i;;.  'lo  air 
plarrd  on  the  r(pi<'--fntal  ions  ol  lU'  and  (A  in  the 
Statical  l)iai;ram,  it  is  ~rcn  that  both  IH'  and  (.'A  ait 
aua\  Irciin  tlir  point,  ilii-  rliain  i--,  t  lii-rclon-,  in  tcii-.iiM 
lend-  to  tear  apart  i.  This  last  lact  inii;lit  t-asily  ha\c 
I'crn  -i-cn  in  tin-  lir-l  placr,  lor  a  rhain  i  oulil  not  transnrt 
olhc.'  than  trns\lc  lor<('^;  hut  it  i>-  danL;fi.ui^  piaitiic  'o 
a'~^u?iii-  without  piool ,  i(indiliiin-~  whiih  sct-ni  ti>  hr  ■~rli- 
t\  ickllt. 


I500 


e 


% 


_      >^      horiznni-ol       \  ( 


B 


Fig.  61. 


Fig.  62. 


In  order  to  find  tlie  niat^nitude  ol    \\(1  and  CA, 
drop  CI)  j)crpendicular  on   AH. 

AD  -  I)B. 

Since  AM   represetits   '?,4')4  poiind.s, 
.\D  .:  1732  -  DB. 


DH 


BC  = 


—  <  2       2000. 


cos  30        I-73- 
AI)  1732 

C.\  =-  — X   2  —  2000. 

cos  30''       1.732 


.»nii«n ;&g»B^iiifa<afe«5ia?-^ »iBim  I'lMt 


•i^.'-,*>!««S«'3S 


ICK) 
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If  l'"iu.  iio  li;is  hccn  coii'-liiiitt.'d  to  sr.ilc.  the  \\r.y< 
lie  .111(1  ("A  ^lioiild  (Mcli  simIc  j,"<xi  pounds. 

I'"n>;ii  llif  prcifdinu  it  is  s<vn.  tlu'ii,  tli:it  thu  rlmin 
i-   in  tension  ti>  the  eMciit   of   2,o(K)  pounds. 

riic  prolilcni  niii^lit  li;i\f  hvcn  staled  in  tliis  nia.i- 
ni'f. 

If  the  chair  (Fi}4.  .>8)  can  safely  stand  tension  to 
the  extent  of  l,'iO(»  pounds,  what  is  the  maximum 
\vei}«ht  that  may  he  placed  on  the  hook? 

Let  tlic  (  liain  lir  ^ln-s-.cd  in  li'iision  to  its  limit  of 
t.501)  pomnN.  Chiosini,'  .a  point  wluTc  the  line  ol  action 
ot  the  totcr  due  to  tin-  wcii^ht  intrr^crtv  tin-  (cntrc  line 
of  tile  iliiiin,  practically,  the  condition  at  llii--  point  is 
-iidi  as  indicated  \n  the  '-tatical  diai;raiii  (I'"ii;.  ml,  the 
chain  exertini,'  a  len-ile  force  of  1,500  ponnd--  at  each 
side  of  the  point,  and  the  weii^ht,  of  ;is  yet  unknown 
inat;nitn<le.  aclinu;  \eilicall>-  (loun\\ard.  'i  he--e  three 
fori-es  are  in  e(|uililiriuin  ;  therefoic,  their  \oclor  jioly- 
i;on,    if   eonstrui  led,    must   close. 

If  lU:  .and  C.\  (j-ii;.  <ij^  he  drawn  to  represent  ,accu- 
ratelv   the   two   tensile   forc<'s  exerted   hv   the   chain,    it    is 


^ 


-/5 


£ 


/ 


-r 


Fig.    63. 


c\  ident  that  the  tine  joining;  A  to  li  must  repieseni  the 
force  exerted  1)\  the  wcii^ht,  for  if  lU"  and  C"A  ha\e  been 
pr.'iprriy  cfinstrucU'd,  \\\  closrs  the  (h;ii;ra;;;  and  rcj;re- 
si'tlts   a    \erlic.il    force   aetint;    dowiixvard. 


NI'I'MI  1)      -.  I  \  I  l( 


II    a    pcrpfiidiciil.ir    lie    dr.iwii    fiDiii    C    (I'ii;.    itj)    to 
Al?,   it  may  !)••  i^coiiuiricilK    sIkiwh   \U:a  — 


IJ 


AT. 


N  ;;        I  ,^<)o  \  ^    pomuK. 


Tin,'   niaxmumi   weight,   iIk-p,  thai   may  Iju   piacetl   on 
tlio  hook   is    1,500    V  5   pouiuls. 


Let  rig.  (13  rcpri'sciU  cii,ii;rammatic  ally  :i  small  can- 
tile\cr  bracket,  the  load  uhi(  h  it  Mi[)ports  hfini,'  equiva- 
lent to  1,000  (loiinds  applied  at  the  outside  joint  as  indi- 
cated. It  is  required  t(»  find  the  stress  in  the  members 
of  the  truss. 

Consider  the  fones  acting  at  the  point  AHC  of  the 
frame.  There  is  a  known  force  HC  of  1,000  pounds 
•  icting    vertically    downward,    .-ind    two  unknown    forces. 


r— i 
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Fig.  64.  Fig.  65. 
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Fig.  66. 


CA  and  .\B,  wliosc  lines  of  action  are  known.  '1  he 
Statical  Diagram  (Fig.  64)  represents  this  condition  of 
affairs. 

From  any  point  B  (Fig.  (15)  construct  HC  to  repre- 
sent tiie  known  vertical  force  BC. 

Now,  since  the  forces  under  consideration  are  in 
equilibrium,  their  vector  polygon  must  close.  There- 
fore, from  C  .nnd  B  (Fig.  ''.5)  draw  lines  to  represent  the 
directif  ns  of  the  forces  CA  and  .\B,  respectively.  These 
lines  intersect  at  .\.  Exidently,  C.\  and  .\B  (l'"ig.  '15) 
represent  the  unknown  forces  CA  and  .\B,  the  sense 
ni-arks  beinc  cf>ntinucius  from  the  iniii:il  to  tli.e  fina!  noint 
of  tlie  polygon   as  indicated. 
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The  tri:m!;lc  lU" A  (I'lt;.  K5)  is,  from  ronstniction, 
:i  -(5  rit;lit  jini^led  iriaiiLjlf ;  tlu-ri-loic,  sim  c  IK'  npn'- 
s.nls  i,()(X)  pounds,  C.\  and  Ali  it'iiri'si-nt  loi(  i-s  of 
I  ,(X)o  pounds   .-iiid    1,000    \  j   pounds,    rcsprclixclv. 

By  drawing  a  ik'W  statical  diagram  (l-ii;.  ''I'l  and 
placins,'  on  it  all  t!ic  al)ovo  doduced  (|uanlili(s,  it  is  seen 
thai  llir  nicmlHT  (A  cmtIs  a  for.  <■  away  and  llu-  n-(nil)'r 
\1J   ,1    |(,|-,c   ai^aiiisi    the   point    lii-ini;   c  onsidcird. 

'riic  nuMiilifi-  ('A  is,  lIuTffoi-f.  in  triisioii  liosisls 
hciiii^  torn  apart)  to  the  extent  of  1,000  pounds,  and  tlu- 
incinhcr  A!',  ui  roniprcssion  (resists  heiiiii  conipiH'sscd , 
to   the  extent   of    1 ,0(X)    \2   pounds. 

If  a  set  of  forces  is  in  eqiii'iibriiim,  the  algebraic 
sum  (if  the  moments  of  the  forces  about  any  point  is 
equal  to  zero. 

I''ii,^  So  repros<Mits  diai:raniniatirally  the  inetlind  of 
arranyiiii;  a  sxsicin  of  levers  in  a  \\<-i!4hint;  si-ale.  Of 
c<'ur.se,    there     are     certain     ( onstructional    details    wiiich 
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Fig.  80. 


cannol  he  represented  in  suclt  a  tii;iire,  hut  in'\«-rtluOess 
this  prohlem  illustrates  the  principle  iinohed  in  all 
weii^hins;  scales  and  machines  for  testing;  the  strentjth 
ol    iraterials. 

Aii  and  VX'  are  two  levers,  the  former  heint;  liini;ed 
at  A  and  the  latter  restinu;  on  a  knife  edije  1).  'I'lie  ver- 
tical rod  l?f  is  connected  to  these  two  levers  at  W  and  C 
In    pin   joints  to  allow  of  free   motion  of  the   system. 

A  force  of  six  pounds  is  exerted  on  the  lever  AB  at 
a  distance  of  two  inches  from  the  hinge  A.  What  is  the 
magnitude  of  the  weight  \V  placed  on  the  upper  lever 
at  H  such  that  the  whole  system  is  in  equilibrium? 

Consider  the  lever  AI?.  It  is  acted  upon  hy  three 
f.Mces;    the   vertical     forc<-    of     six    jiounds,    an    unknown 
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\i  rlii-.il  tone  1'  .il  M.  :in(l  the  H':i(  lion  ;it  tlio  lii  i.i;<'  A. 
1  licsc  Inrc cs  .irr  ill  (■(|uilil)riiini  ;  tlicrcfoic,  it  innincnis 
he   l.ikfii   about   any  puint,   -M        o. 

'lake  mi>iiK'ii1><    about    Ibc   point    A. 
-M      (reaction    at    A  x  zero)  ;  h  a  2  +  P  x  i  j     o (l.) 

Since  we  do  not  know  whetlier  P  acts  upward  or 
downward,  tiiu  nionient  of  P  is  assumed  positive. 

P   X    I J  = IJ . 

P  =  —  I. 

Tiiis  iH'i,'ali\e  r<suil  shows  that  the  moment  of  P 
about  A  is  nei^ative;  i.e.,  P  acts  upward  at  H  as  in- 
dicated bv  the  arrow  h«iil,  and  is  of  in.i!.;nitude  one 
pound. 

Tin-  rod  l!('  (■\(•rl•^  .1  force  a\\a>  frnm  U.  It  mu--l. 
tbcrrlorc,  e\<'rl  .111  ec|Ual  and  oppo'-ile  li>ri<-  O  at  lis 
oilier  exlremilv  (';  i.e.,  .il  ('  there  !■>  .1  N.rliral  b>rce  o! 
one  pound  actinj.;  <lo\\in\ard  a*-  indicated  by  tiie  .irrow- 
li.'.id. 

("onsi<icr  tiie  le\<r  I'A' .  It  is  .acted  upon  by  three 
forces  in  e(|uihbriuni,  \i/.,  liie  fone  W  :i(  linij  at  F.,  the 
reaction  of  the  knife  edije  at  I),  and  the  known  vertical 
force  ;ictini4-  .at  f.  I''or  this  set  of  forces,  -.M  .about  any 
point   e(|U.aIs  zero. 

Tal'ie   iiiopieiits  .about    D:  — 

-M-  Q  X  2  +  (re.iction   at    I)  x  zero)  r  W  x  lo-o (2.) 

Puttinji  in  ihe  known  vahie  of  O-  i,  we  get: — 

W  X   10  —  —  J. 
W  ~    -  I  5. 

That  is,  W  is  a  weight  of  i  5  pound,  and  .acts  in  such  a 
manner  .as  to  ijive  a  netjative  moment  about  D.  \V, 
tJHM-efori',   .acts  downwar<l. 

The  render  may  question  wliy  the  moments  of  P  and 
W  in  ec|U.itions  (1)  and  (j)  were  written  positive  when 
his  experience  would  most  hki'ly  say  th.it  both  these 
C|u,intities  shoulvi  be  nei,'ati\e  in  compli.aiice  with  the 
convention  of  p(>sili\e  and  nes^alixe  moments.  It  must 
be  k<'pt  in  mind,  howexer,  th.at  .ilthout;h  experience  says 
th.it  P  nui-'  act  upward  and  W  <lownward,  thereby 
i^'ivins,'  net;.iti\e  moments,  it  is  <kint;erous  practii-e  to 
.assume  these  self-<'\  ident  facts  in  tlie  iirst  phii'e.  It  is 
t;enerallv  safer  to  assume  tiiese  forces  totally  unknown 
and  tilen  l>\  ihe  le.isomnt;  of  tin-  |Vi'i)iiicn"i  licdUCO  llvjW 
thev    act.      The     moments     of     unknown     forces     are,    of 
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I  (iiir^c,    .I'.-imicil    ]>(i-lti\c,    ju^l    :is    :in    unk'iDWii   'HKmtity 
in    .111    i^iilin.iM     :ilu;<'lir.iii     <(|U.iti<iii    i^    ;is>.iiiiii(l    |i<is'ni\c. 

l-ii^.   Si    1  epic-*-!!! -•   ,111  iirdiii.iry   hull   crank. 

If  a  force  I'  of  100  pounds  he  exerted  at  the  joint 
of  the  upper  arm  as  indicated,  what  force  S  must  he 
exerted  at  the  joint  of  the  other  arm  in  order  to  preserxe 
equilihriuni? 

fiiiisiilir  ilic  (  iMiiU  :i-.  the  limh  .Hied  iiiinii.  1  In- 
luir(>.   iiilint;   <in   lliis   liody   ;iri'   I',    S,    :iiul   tlic   rr;ii  limi  (.) 


I*   ^^ 


FiK.  81. 

of  tlu'  iiiii  on  llii-  cr.ink,  ;iiui  IDr  this  piohlciii  P  rinti  S 
will  I)v  lonsidiTcd  as  acliiii^  |)crpt-ndiriilailv  to  tlio  arms 
of  the  rrank.  Since  tlu'so  loncs  arc  in  t'(|nilil)riiiiii,  their 
lines  of  .action  iiuisl  interst'it  at  .i  roinmon  point  as 
indic-ated.  (  I  liree  iori~os  in  t'f|uilil)riiini  must  ;ict  at  a 
point.)     'Ilifse    forces  heini;    in   e(|iiilil)riuni,   -M        o. 

r.ake     nioiiienls     .ahout   the    ])oiiit    (",    the     c<'iitrc    of 
rotation  of  the  cr.ink. 

:iM        Mr       M.J   •    Ms       o. 
-P.  J        (J.  o       S.  ji_.       o. 
I'liltiny  in  ih.e  \ahie  of  1'        loo,  we  get: 

I  on    X     2     ;     O    -      J  '  J  .  .S    :       o. 

S  -    8o. 

The   positi\e  result   shows   tiiat    the    Ms   about   C   is 
[)ositi\c;  i.e.,  S  acts  as  indicted  on  the  <liagram. 

Now,  although  S  is  tlie  force  whicli  must  act  witli 
P  and  Q  to  give  cr|uilil)rium,  it  must  Ix;  clearly   under- 


W 


lo; 


stood  lli.it  if  ;i  forcr  I'  ho  cwiiod  :it  oiu-  end  of  tlu' 
crank  as  sliown,  that  the  crank  will  «'x<'rt  at  tlu-  oilii  r 
end  a  force  equal  hut  opposite  to  S  on  any  IkhIv  lo  \\hi(  h 
it  may  he  fastened.  'I'he  body  in  n-siviiiu;  tlii^  will  (■\<it 
tile  force  S  as  shown. 


i: 


To  Find  the  IHaction  Q : — 

.\p[)ly  cither  the  equation  -\  o  or  -^■  o  lo  the 
set  of  fr)rces  P,  O,  and  .S.  I  he  \alue  of  the  sine  or 
cosine  of  th<'  .intjlc  of  inclin.ilion  of  O  ni.iv  he  found 
from  the  t;i\en  distances  of  P  and  .S  from  (",  ihesi-  dis- 
tances tormint;  th<"  sid<'s  of  ;i  rii^iit  .'milled  triangle,  one 
aiii^le  of  whieli  is  the  required  inclination.  If  the 
hypotenuse  of  tiiis  triani.;le  he  calculated,  the  ie(|nired 
sine  or  cosine   m.iv  he  ohtained. 
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SIMl'ITANHOl'S    I'Si:    Ol     HQL'ATIONS. 
:^X      o  and  ^Y       o. 

In  the  work  provious  to  tliis,  it  has  .-iIwmvs  lu-en 
p<)ssil)Ie  to  tloteriiiinc  tlie  unknown  forces  ol  ;i  set,  one 
at  a  time,  t)v  tin-  indepenilent  use  of  eitluT  the  er|iiations 
-X  o  or  iV  o.  In  tile  case  that  will  he  taken  up 
next,  and  in  many  other  rases,  it  is  only  possible  to 
arrive  at  nsulis  l)\  the  simultaneous  use  of  the  two 
ef|uations  -\  o  and  -\'  o,  and  in  such  cases  certain 
precautions    must    Ite   observed. 

The  roof  truss  (I'ii;.  911)  is  known  as  a  ( l<-rinan 
Truss.      This  form  of  structure  is  oh^dU'ie  as  far  as  prac- 
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Fig.  96. 

tice  is  concerned,  but  is  taken  up  because  it  serves  \ery 
well  the  purpose  ol  illustrating  the  ponit  under  dis- 
cussion. 
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v'nn>iilci  int;  tlic  forces  ;i(liiiL;  on  tlic  truss  ;iii(i 
.ipplvins,'  tlu'  criiKitioii  -M  o,  tiiUini,'  iiioiiuiits  alxnit 
a  point  in  tlir  lino  of  action  of  citlicr  aliutnuiil  r<aiiion, 
it  is  seen  that  .le  abutment  r»  actions  arc  hotii  c(|iial  to 
-■,000  pounds. 

Consider  the  forces  acting  at  the  point  I.HD  (Stati- 
(  a!  I-)iai;rani,  I-'Il,'.  97).  Since  these  ff)rces  aie  in  e(|uili- 
hrium,   -X  =    o,   -V  -    o,   -M       o. 

i;X  —  Xi-ii  -r  Xim   •   Xni,      o. 
LH  and  IIH  I)eint;  lioth  unknown,  assume  their  X's 
positive. 
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.33. 


2000 


\A\  cos  45-    -    HI)  cos  60"   --    o  r    o. 


HD 


1  I 

LH.  —  -  IID.  —       o. 

\  2  2 

s  2 

\M  ~ . 

I 
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Mi.S 
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It  is  ,\ii|<iil  ill. it  in  ((i<l(  1  III  viiUc  iiir  tin-  iwn 
iiiikiiiiw  n^,  1. 11  .mil  111),  .iiiiilliir  «i|ii,il  ii  m  iniisl  1k' 
i,.im,il  ill  !iini~  111  ill'-  ^.iiiir  imkni>\>.  n-,  llii^  ciiM.ilinn 
III  lir  ii-iil  ^innill.ini  I  iii'-ly  willi  «'(|ii;ilinn  (  i . ).  I'-i'it,' 
-N'        (I   :i-    ilii-   i.llur  I  (|ii.iliiiii  : 

-\'        Yi  II        \'iiii        ^■[)l        <>. 

.Sini  !■  ihc  i-(|ii;iliiin^  -\  .iiiil  -^'  -.nr  lii-inL;  ii^<(l 
^iMluIt.•lIU■nllv|v,  we  .lie  mil  :it  jilicilv  In  ;is-.unii-  llli-  N  '"* 
III  ill.'  iinlviiiiwii  limrv  I. II  .111(1  III)  pn^iliM'  l.i-  wmild 
i.iliii.iiih    lir   (Idiiri   willmnl    lii^l   1  oii^idi  rinu    llii-  .1---11HII1- 

tiun-  in  ilir  liist  <'tjii.iiiiin.  The  assumptions  as  to  the 
sijjns  of  the  V's  of  the  unknown  fortes  must  be  in 
attordante  with  the  assumpticms  as  to  the  si>«ns  of  the 
X's  of  the  unknown  forces  in  the  lirst  plate.    Kckirini,' 

ti)  lii^.  i)'S,  l»'t  .\I5  rciiirscnt  llic  liiu-  lA  ;ii  tiirn  nl  th<'  torrf 
I.I  I  (lii;.  1)71,  .•mil,  --inrc  tin;  Xl.ll  w.is  .-is--iimr(l  pii^ilivc, 
llic  lini-  <1!  uitli  M'li^i'  iiKirk  to  the  riuht  m  idi'iUl}'  r<-|)rc- 
s<nl^  ilir  .i--^nnii'(l  Xi.ii.  Now,  :ililuiui,'h  tlu'  ni.iL;nitii<l«' 
ol  Xl.ll  i^  unknown,  siner  tlu'  iiLii^nitiidc  nl  the  Icini-  1,1  I 
is  nnkniiwn,  \<-l  it  i-  ^cfn  Irnni  l-'ii;.  i|S  lli:il,  irrfspci - 
ti\c  of  tlic  iii.i^iiilud<'  111  Xl.ll,  if  the  Xi.il  is  nssiniK'd 
p(isiti\<-,  the  \t\\  niiisl  lie  .issunu'd  n('i;.'iti\  c  .is  ii-prc- 
si-nlcd  liy  smli  :i  lino  ;is  AC  ll-iy.  (|SI.  (It  is  seen  Iroin 
l-ii;.  i|.^  tli.il  no  ni/iIliT  wh.il  llir  Uni^lli  nl'  tlif  linr  irpi<-- 
sfiitint;  Xl.ll  he,  llic  liiu-  rcpifscnl iiiL^  tlir  (oncspiindinL; 
\l.\t  will  li;i\f  ils  sriisc  m.nk  pninlinv;  (!n\\n\\:ird  in 
order   lo  roinpU'lc  the  di:ii;r:im.) 

In  llif  s^mie  \\:i\,  it  is  evident  lliat  ^'lll>  must  Ik- 
■  issumed  nei;:iti\e  il  Xim  !)<■  piimmiK  ;issiinied  positive. 
::^"      -     I.H  sin45''  — HI)  sin  Ao^+ 2,000-0. 
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III) 


-~  2,000     o. 


(2.) 


Sulistitiite  \;ilue  of  I.H    frnm    (l.)   into   {2.]. 

Ill)  I  N    ^, 

-   ( ).    --  - 


HI).  —      —  2,000. 


HD        HI) 


111) 


—  2.000. 
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Miillipiv  irit;    bnlli    sides   nl    I  In-  <r|ii.il  ii  iii    1)\ 

111) 

— —  (  V  ?  —  l)        J . ooo. 


KM) 


III) 


4,000 


(.;■) 


I' inrii  tin-  [)iisili\<>  sii;n  ol  the  n-sull,  il  is  si-i'ii  lli.it 
tlic  ;issnmpliinis  :is  lo  llie  \iiii  .niil  \'lil)  .ire  lunci  I. 
The  Viii)  was  assiiincd  nfftutixc  uiid  Xiii>  p(»iti>«;,  \\lii<  li 
is  scon  to  Ih'  coriiMt  ;  the  Inno  III),  tiicrtlnrf,  ;ii  ts 
;is,;iiiist   liif    [)(>iiit  ;    i.<-.,    llic    iiicml.<r    III)   is   in   1  onipn's- 

4,000 
sion pouiuls. 

Sul'stiitiiiiii;   the   \,iluo  ol   III)  lioin  I?.)  into  (i.):— 


Ill) 


I. II 


(>.) 


suljstitiitioii  :- 
LII  = 


4,o<jo 


(M 


1)    V 


It    is   evident    .  the  nei,Mti\e    sii^n  ol    'in-    result 

ili.it  the  .'issiinu'cl  s.  js  of  Xi.ii  .iiul  \  1,11  .ire  wronii; 
i.e.,  Xi.ii  is  ney;itive  and  \'i.ii  positive.  The  lone  LH, 
therefore,    acts   away    fron;    the   ()oint  ;    i.e.,   the   meniber 

4,000 
I.H   is  in  t<nsion pound 

The  sanie  resulls  would  have  In-en  ol)tained  ii.id  the 
ef|u;ilion  'i\'  o  In-en  used  tirM,  .iithouL;h  tiu'  work 
would  h.'iv<'  hern  siii^htly  more  involved.  The  (joint  of 
tlu'  prerediny  discussion  is  that,  if  the  equations  have 
to  he  used  simultaneously,  the  assumptions  as  to  signs 
in  the  second  equation  must  he  in  accordance  with  the 
}tiven  lines  of  action  of  the  unknown  forces  and  the 
assumed  signs  in  the  tirst  equation. 

The  construction  and  ioadini^  ol  iju'  truss  ll-'ii;,  <»'i) 
.ire  symme!ri<al  .itiout  tile  s.anie  axis.  l-roni  this  fact  we 
are  at  liin'rtv  to  >a_v  liiat  the  left-hand  half  of  the  truss 
will  h,iv<'  the  same  stress  in  any  ol  its  meml)ers  ;is  the 
corresponding;  niemU'rs  in  tiie  other  half  of  the  truss. 
It  would,  therefore,  lie  iinnecessarv  to  consider  the  lorces 
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.il  llir  {iiiiiil  l.i',  \  in  iiiiln  |i>  liiui  llir  stic^--  in  llic 
iiumiIhi-.  I.I.  .mil  l.\  il.l.  will  111'  III  hiiNJiiii  jiiil  |.\  in 
I  I  iiii|ii  i^-ii  111  III  llii-  >.iMii-  lAliiil  ,1  lln-  nil  iiilxi --  I. II  .mcl 
III),  n  -.|H  I  I  i\  il\  I.  Il  i-  .iil\  i-.iliif,  111  lU  r\  !•' ,  lli.il  liir 
ii.idri     -"I    lliiiMi!;li   llic   .iii.ilv  I  il  .il    <i<li  riiiin.il  lull    dl    llu'sc 

v|  I  ,    s-,<^. 

Consider  the  lorLis  actin}<  at  the  point  I.liA. 

^-\        Xir        Xi  \    •    X\r.       o. 

\.\:  I  lis  .( ^      -r    |- A  I  US  III)      •    o        o. 

i;.\ 

LK  =  —  — — 14-1 

-^■     ^■|  I      ^  I  \     ^■  \i.     o. 

In    .11  ri)r(l;iiic  <■    willi    lliu    :issiini|)l  inns  ,is    lo   the    Xl.l 
.iiiil    Xl  \,   till'   \l\    .111(1    II  \   will   liiilli  lif  |)iisiti\<-, 

-^'        \.\:   sin   .)5  I:  \   sin  im         j.imio        u.  .  .  .    (5.1 

siilislil  iiliiiL;   \.iliK-  111    i.r;  Imm  (  |.)  inln  IS-)- 
I-  A        1  V  .; 

( ). I!  A  -•.IXK)  4). 


i:a 


4,000 

[■A       (6.) 

( N  .',  —  ' ) 
From  llio  nci;.itivc  result,  the  iissuniplioiis  ;is  to  Xi  \ 
.111(1  ^'l'\  are  scon  to  he  wrong.    Xi"\  ;iii(l  \'r.\  are,  there- 
lore,  botii  ncgati\e;  i.e.,  I-".\  acts  :iL;;iinst  the  point.    Tiie 

4,000 
member  1^.\  is  in  compression  pounds. 

(>'3  — 0 
Suhstitn'inL;  tlie  \:i!uc  of  l'.\  from  (I'l.)  into  (\-): — 

4, 000  1 

Lie  ..  —  ( ' ). — 

(  s  3  —    I  )       K2 

4,000        I 

(  V  3  —  '  ^    ^  J 
It   follows   from  the  positive   result   that    •jic  assump- 
tions as  to  Xi.r  and  \i.v  .ire  corre<  t  ;  i.e.,   Xi.i;  and  ^'l.l; 
,ire  positive.     I.I'",   therefore,   acts   away   friMii   the  point. 

4,(X)o        I 
i'lie  memiier  I-I-!  is  in  tension .  —  pounds. 
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I  II  \l'l  IK    W  I. 
DliTliRMFNAIION    Ol     STHISS    IN    liHIlKii:    AM) 

Hool    Tin  ss  .Mi:.Mitr:Hs. 

In  ill  llir  IdIIiiw  iiiL;  pioliirnw  mi  tlu'  dilt  riiiin.iliini 
ol  the  --lios  in  llic  iiM-inl)i.M  s  nl  :i  lininrd  s|  i  lu  t  iiic,  tilt" 
joints  of  the  truss  must  he  considcrc'  as  frictionlcss 
circular  pin  joints,  perfectly  htted  so  a  to  allow  of  no 
slack  motion,  llusr  Ihihu;  lln'  ii^-ninpliuns  upun  wlii'li 
llii;  llii'i>r\  !•-  li:iM(l.  Sii,  thill,  ulunrvti'  ihi-  rc;iilii' 
ctirouiilcis  llu-  st.ilcmci!!  to  i  oii-idiT  tlir  Inni-^  ;m  tills; 
;if  :i  point  in  m  Iiii^^,  br  iniist  hr.if  in  mind  lli.il  lie  is 
ic.ill)  I  (xwidirini;  the  forces  which  act  on  the  pin  of  the 
joint,  lor  ill  .inv  st.iii,  ,il  pidhlfin,  wlim  .1  ^d  ,>|  luncs 
i-  hciii!^  loiisidcrcd,  tlini-  mn->t  ;il\v.i\>  lie  soiiu-  liodv 
.iclfd  ii[)on.  In  liii'sf  1  i-i-.  the  pin  i-.  tli.it  liodv,  :ind 
IIk'  inonihcrs  aif  llic  liodii's  m  tiiii;  on  it.  Ii  iiui\  lie 
pointed  out,  lioui  \<i,  that  hecause  of  this  cimstruction. 
the  lines  ol  jclion  of  the  Ion  es  .11  tiii^  on  tin-  pin  inti-i- 
srcl  III  till-  (cntre  of  the  pin,  ;ind  it  is  this  f;u  t  that  is 
ref<Tre(i  to  in  the  sl.iteineiit  :  "To  consider  tlie  forres 
aetinsi  :il  a  ])oinl."  With  the  e\<'eption  ol  the  case  of 
tiirce  lorees  in  e(|uilil)riiiin,  wliirh,  of  course,  must  ha\i- 
directions  intersectini;  ,it  a  1  oniinon  point,  it  must  not 
Ik?  fhoiii;ht  thai  tlie  forc«s  arlint;  at  a  joint  in  a  truss 
must  act  throuijii  the  centre  of  the  [)in  in  order  to  he  in 
ec|uilil)riiim.  They  merely  do  so,  .is  pointed  out  helore. 
hecause  of  the  construction  of  the  joint. 


Find  the  stress  in  the  memhers  of  a  cantilever  such 
as  indicated  in  Fig.  07,  the  panels  of  which  are  equi- 
lateral triangles. 

Consider  the  point  HCA.  The  forces  actinc:  at  this 
point  are  in  ef|uilii)riiini,  the  conditions  beins;;^  such  as 
indicated  in  the  St.atic.il  Diagram  (l'"ii,'.r)S).  If  the  X'ector 
Polygon  for  tliis  set  of  forces  he  constructed,  it  must 
close. 

The  reader  must  l)oar  in  mind  the  important  fact 
that  these  Statical  I)i;it;ranis  merely  represent  th<'  con- 
ditions  at   the   point   heing   considered.    The   lines   indi- 


caliiu 


\M      me 


.lUo   linKnov^ri   ione-' 


arc  the  lines  of  action  of  forces  acting  on  the  pin. 


I   I  _•  M'l'l   IMl       -  I   \  I  h    ■-. 

Ill  l!u.'  lOllowini^  (li-.(;u^>i(i;i  it  will  lie  ;i-~^iinu-'l  lliat 
llic  icl.itivi.'  lines  ol  .iclion  of  the  forces  hcinc;  eoiisidcied 
in\-  :iecui'.itel\'  re]iresrnle(l  in  the  Statical  Uini;rain  ;  so 
lii.it    in    i.i.nsti  ni  tin"     llie   \'ei  leu      l'ol\i;<jn     for   a    set    of 


/; 


Fig.   67. 


foiees,  all  that  \\?\  he  neeessar\-,  in  older  to  represent 
the  direrlion  of  .any  fiiice,  will  be  lo  di..-'-  r  line  parallel 
to  the  line  represrnliiiL;  the  force  in  tlie  latieal  Di;i- 
gr.atii. 


C 
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fl$  CO. 
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FiO  71 


Construct  Hi"  (I'i^-  '"ji  to  represent  the  known 
vertical  force.  I"ri>ni  I"  and  li  di.iw  lines  par.illel  to  C.\ 
.and    \\S    (l-ig.    OM,    lespcetiveiy,   to    represent    the   tiiiee- 


Al'I'Ml  1)      >  I  \||(  >,. 
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tinr,';  of  iIkj  unknown  forces  C.\  ,intl  AI!.  Tliosc  lines 
mtcrscct  rit  A.  I'viJently  CA  and  AH  (Imi^.  oo)  rvnrv- 
sent  the  unl<no\vn  forces  CA  and  AM,  thuir  nias^nitudcs 
iHins;  2,000  X  3  pounds  and  4,000  v  :;  pounds,  rosncc 
lively.  ■  ' 

If  tlio  sense  marks  of  CA  and  AM  found  in  Iml;.  (k, 
l>.-   placed  on   the   Stntiral    I)iai,M-am   (l-hj;.   i,,S),    jt   is'^seeii 

tliat  the  tneinher  C  \  vxerls  a  lone  away  and  th<'  .neniber 
\I'>   a    lore,'  ai;ainsl    llu>   pin.     'ilic   nieniher   CA    is,    tliere- 

tore,    in   imsion,    and  llie   nienilxT  Ali  in  lonijjression,   •<) 

the    exieni    ,,{'    j.txxj  \  ;,    pound-    and     j.orx.  \  5    pounds, 

resi)e(  lively. 
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Con-.i(kr  the  point  UAI'.  SIih  e  the  nieniher  UA 
i-  in  r(inipr<>-sion,  it  mu-t  exert  a  force  ai;ainst  the 
point  i>Al'.  'I'his,  to^ttlur  with  the  other  conditions 
at  the  point,  is  represi'iited  in  the  Sl.iiir.tl  Dias^r.-uii 
(I- is-    70^. 

I>A  ;I''ii:.  71)  represents  the  known  fdtic  I! A.  iMntii 
A  and  I?  <lra\\  lines  parallel  to  tlu'  diroi  lions  of  AI'  .and 
PI?  ([•"i^.  70),  respectively.  'Ihese  lines  int.'rsrc  t  at  P. 
Then  AP  and  PM  (l'"in-.  71I,  with  s|.ns<'  ni.irks  runiiini; 
(ontinuously  as  indicated,  must  repiesent  the  hiliierlo 
unknown  forces  .\P  and  PH. 

If  the  sense  marks  of  AP  and  I'H  as  found  in 
ei^.    ,  I    -.re  p:.iccu   on    wic   cnrri, sponiiiii^   iim-.s   ni    .iiiiou 
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„|   AP  and  I'li  in  Fi^.   7".   il  '^  ^^■^■"  "'^"   ■^''  ^"'^  ■'''"• 
,,,„„    ,h,.   p,,in1    :iih1    I'I!    :iii;iin-l    H. 

Ilu.  meinlwr  AP  is,  tlierolore,  in  l.nsion  4.o<k,  v  ;, 
p„un.ls,  an.l  ti.  nicnlxT  I'I'.  in  r..,np.x-ss,„n  4,000  s  ;, 
pounds. 

Consi.kT  the  point  PACDL.  Acting  at  this  point 
„,.  ,i,r.T  knoun  loncs  (Uu-  Um.I  an.l  ix^o  lonvs 
.xrrto.l  by  the  tension  members  1>A  and  AC)  and  two 
unknown    forces    as  indicated    in    the    Statical     Diagram 

(Fig-  7-)- 

PA  AC,  and  CD  (Fig.  73)  represent  the  known 
forces  PA,  AC,  and  CD.  From  D  and  J''  ';^^^P^'^';^^'>,; 
draw  lines  parallel  to  the  directions  of  DL  a"d  1- 
(lig.  7.),  intersecting  at  I-  DL  ='nd  LP  i^  ^S-  ,  ^ 
represent,  respectively,  the  unknown  forces  DL  and  1.1  . 
.„  tin-  as  indicated  by  the  continuously  pointed  sen^- 
mark"  In  order  to  avoid  confusion,  another  diag-  n 
(I-io  -4)  has  been  constructed,  showing  how  lo  a.,  se 
-.t  tlle'maunitudes  of  DL  and  LP.  From  this  diagram 
it  is  seen  that  DL  and  LP  arc  forces  of  S,ooo  s  3  pouiuK 
ca<-h. 

The   force   DL  evidently   acts  aw.-.y    from   the   point 
„„,  l.i'a,ains,   Ihepoin,.     Tin.  nn^mber  Dl.  i^.  .hcM.-re 
i„    ,..nMor,   S.<HH,      :    >;,   pounds,   and     Uu-   m.-mlur    LI     m 
,-,„npr>-Mon  S.ooo        v  ;,  |iounds. 

rind  the  stress  in  the  remaining  members  LG,  GB. 
EF,  and  FG. 

These    stresses    may    be    foun.l    by    first    considering 
the  point  nPLC.,  and  then  the  point  C.LDFF. 

l-i^  -s  reprosent>  ihe  coiulilion  at  the  point  HPLG 
In  drawing  Uu-  N'eclor  Polygon  for  this  point  it  is  lound 
„,.„  „„.  ,■„,..  ,;,5  (Fi..  jn)  coincides  for  part  of  Us  length 
will,  the  line  HP  already  dr.awn.  In  order  lo  help  he 
rc-id.'r  Ihr  i^orlion  of  (iU  whi<h  would  comiide  with  lU 
1,;,;  l„;.n  .hown  bv  a  .lotted  line.  The  diagram  reads; 
m>  PI  I  (i  -ind  C.U.  I-"rom  this  il  is  seen  that  the 
member'l.C.  "i>  in  tension  S,cx>.  n  3  pounds  and  Me 
nuMubcr   C.U   in   -onipresMon    iJ,ooo    v.?  pounds. 

Fi..^     --   and  7S  arc,  respectively,   ihe  Statical  Dia- 
gram  and   Vector  Polygon    for  the   point   CLDKI-.      Ihe 

'^        .         ....    •      :.. :,,.,    1- fx«->    <■  ^    noiinds     and     tlie 

member    iT,   in  compression    10.000  s'  3  pounds. 


\i- 
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To  Construct  a  Stress  Diagram. 

Ill  llif  l:i--l  piohloin  .1  iu-\v  X'cctnr  I'nh^dii  w.i'.  con- 
stnicti'd  for  f.H'h  si-l  nl  tont's  l)cint;  considcrt'd.  II  those- 
(li.it;i;inis  arc  (liriwii  to  a  suitable  workins;  scalo,  tlicv 
spread  over  a  (  (>n,si<leral)lc  area,  and  also,  in  translirrini,' 
niai^nitiidL's  to  a  new  line,  there  is  the  liahililv  ol  an  error 
wiiicli  may  or  may  nnl  Ik:  ciimulalixe  in  its  elTec  t 
throiit;lioiit  the  prolili"ii.  It  is  jnjssible,  liowexer,  to  eon- 
dense  these  <iiai;ra.,,s  and  at  the  same  time  restrict  the 
liability  to  error  in  magnitudes  by  drawiiiii  what  the 
writer  chooses  to  call  a  Continuous  Vector  Diagram,  in, 
as  it  is  often  referred  to,  a  Stress  Diagram. 

It  may  be  pointed  out  that  it  will  help  to  simi)lil\ 
ihe  [irobli'm  if  the  reaik'r  will  construi  t,  on  a  loose  shei-t 
of  i)aper,  the  Vector  Polyi^oiis  (l-'ii;s.  fx),  71,  7^,  71),  and 


/y^  7r 


fi^  7S 


7.S),  usins^r  the  same  scale  of  forces  in  each  case,  'riiese 
polypous  m.iy  then  be  r<ferred  toindrawini;  the  followitii; 
(liaj;ram.  1  h<;  reader  iinist  bear  in  mind  that  the  same 
scale  of  forces  Wni  be  used  throughout  the  following 
problem : — 

C'onsiderini;  the  Statical  Uiaf;rani  (Fig.  dS),  it  i- 
seen  that  the  triangle  IU".\  (I-'ii;.  71))  may  bo  taken  as  ,1 
X'ector  I'olvi^on  for  the  forces  acting  at  the  point  Bt".\ 
of  the  truss  (Fit,'.  (1-).  Instead  of  placing;  s.nse  marks 
on  this  jiolyyon  to  indicate  how  the  forces  ait,  .1  thin 
line  is  used  |o  r«'present  lh.it  the  force  C".\  .acts  awa\  from 
iiie   |i i,   ,1   ihic  k   iiiir   10   indicate   ih.il    the   force    \\\   acts 


l.i 


,,..,inM  til.-  point,  .ind  .-i  dnul.lr  ibin  lin<'  i-'  <l<-'i""'  '''■"  'I"' 
I,",,,  liC  i-,  du.'  in  a  In.Kl.  This  syMfiu  cl  rrpri -<iit  mi; 
,■,„-..■>    will    lir    a.llurrd    In   lhrMni;liniit    llu-    pinliKin. 

lakin-  iirM  the  pnini  15.\P,  it  is  moii  Imin  llir 
Si.iiiriil  l)i:,ur:iin  (l-u-  70I  lllat  lliv  ton.-  I'.A  ail-  a-ain-t 
,1,.-    point.      K.t.-rrinu    to    Vh^.    7.1.    it    i-    Immd    that    llu-iv 


FiS.  79. 

i.     iln-adv   drawn    a    ,ip.-   w  Hi.  h    may    n-pn-s.-nt    ihi-   L.'.-o 
p,-,,\i.U.ltlu-  l.-ttvr.  at   llu-  .-MR-niiti.-s  ol    tht.  Inu-  1h-  u-a. 


,1,.-   prop.r   wax    to  .  .uT.-sp.m.l   uilb  1,  •-•  -'I    llu-   Ion  r 

■,.    shown    ..n'llu-    Slati.al     Dia-ran-,  u-lv.    iho    tlii.k 

lin..  in,  Tin-  rnK-  \l'  and  IT.  ...n,pl.-l.-  llf  N-'l--'' 
|-,,hi;on  I.M-  this  point,  Al'.  ...lini;  away  tn.m  tlu-  pm, 
i.  ,;.p,-,-M-nt.-d  In  ,-,  thin  lin.',  and  I'l?,  a.tini;  ai^arnM  tlu- 
pin,   l)V   a   'lii.  k   line. 

A,  tin-   at  tin-  ii.iinl    PACDI.  are  three  known  r.tr.es, 
l'\,     \l',~^^niil    CI),    a--   -hown    in    the    Slati.'al      Diasirani 
(l-i...    -j'l.      It    is    sc-n     that     th.-    thin     lines    P  \    and    A( 
,\:\?.'    -,,|      n-.-     s,,   ...nsini.  t.-d     that     tlu-v    niav     n-pr,s,--,it 
,h.-"  I.'.r..-s      l'\    and    Al'.       hnnn    C    (J-ii,;.    7M)     1-     «l'awn 


e    lorce   t'l)   due   to   llu 


:,  douhl.-  line  Ci)  t.>  r.-nr.-.-nt  th 
1,,-,1  Ih.-  lines  1)1.  and  1.1'  r<-pre-en.,  respe.t  i\  ely ,  the 
„nkn,.wn  r,.r,.-s  1)1,  an.l  l.P.  Il  -.-ns,.  marks  wvre  i-la.-.-d 
,,„  ,h..  di:,i^,-am,  1)1.  and  i.l*  w.uil.l  lu-  l.nind  t..  he  a.lm- 
■,\s.,x  .m.l  auainsi  th-  i>..inl,  r.-spe.  li  w-l\  ,  as  in.h.  at.-.l  h\ 
,,,,  ,i,-,„  ;„„1  ,h,.  k  hn.-s.  llu'  <lia-r,-nn  lor  this  p,>iiit 
,,a.N   I'A.    AC,   (1),    1)1.,   and   LP, 

l-i-nni  tlu-  Stall,  al  Di.e^rani  lor  th.-  p.ant  lU'I.C. 
,|-i-.  -0  it  i-  M-.-n  ih.il  th.'  t\\.^  forr.-s  P.P  :nHl  PI.  jr.- 
du.-"~  i..'".,,mpr.ssion  nu-nih.-rs.  Th.-v  may,  tlu-r.hu.-.  he 
,..pns,-nt.-<l  liv  tlu-  Ihi.k  liiu-s  UP  .-ind  PI.  ll'ii;.  7"'-  -"",'• 
,h.-s..  ,in.-s  ar.-  prop,rU  <  onsi  ru- t,-d  t.>  r.-pr.-.nl  tluir 
„,..-nitu.l.-s   an.l   .lir.  .  1  i.  nis.      llu-   V.-.t.H'    Polyi;..!,    l.ir    tin- 

poim    Is  1  oiii|iiriiii  iiv    '>''"    ''•■'■'-   '-' '  ■■■■'•     ■'■■    ■  ■■' 

i-.-adin-    UP,    PI.,    l.C,   and   CU. 


W\'\  II  II      ■-  I  \  I  II  -.. 
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1  he  rc.uliT  is  :i(l\  i^cd  to  conslrinl  the  remainder  of 
the  (liayr;im  lor  the  point  (il.DI'M''  lor  l.iiiiseH.  'I'll.: 
(iiayr.ini  wliei)  drawn  should  read,  (iL,  I.I),  l)l'.,  I'.l', 
and   l(.. 

Douhlless,  iliu  reader  will  see  that  the  constriu  lion 
of  this  IsiK-ss  l)iaL;ram  is  merely  a  process  ol  piecing 
toi,'ether  the  X'eiior  I'ol.ijons  lor  the  \  arioiis  points  ol 
liie  truss. 

It  should  l)e  notiied  that  llie  lines  of  the  Stress 
Diagram,  since  they  lia\e  no  sense  marks  placed  on 
them,  reallv  reiiresrnt  the  magnitude  of  liie  stress  in  the 
\  irioiis  mcnihers  ;  I'.i;.,  the  line  lAi  represents  tlic  stress 
in   the   member   L(j. 

In  the  two  precodint;  problems  the  determination 
of  the  stress  in  the  \  arious  meml)ers  ol  the  rantilevxT 
truss  (I-"iv;.  (^j)  was  arri\ed  at  by  t;raphiral  means, 
altiioui;h  a  little  trii^onometry  was  occasionally  made 
use  of.  It  is  possible,  however,  to  arrive  at  these  quan- 
tities analvtically  as  indicated  in  the  following;  discus- 
sion. In  order  to  simplify  'natters,  iIk'  reader  is  advised 
t;)  draw  the  .Statical  i)iai,'rams  (lMt;s,  oS,  70,  J2,  75,  and 
77)  on  a  loose  sheet  ol  Jiaper  so  that  tliey  may  be  ieailil\ 
referred  to. 

1  he  followiiiii  facts  must  be  kept  in  mind  throut^h- 
out  the   ])robUni : — • 

The  magnitude  of  the  X  of  any  force  (magnitude 
of  force)  X  (cosine  of  ant;ie  of  inclination  of  force  to  the 
iiori/ontal). 

Tiie  magnitude  of  the  V  of  any  force  ^^  (magnitude 
of  force)  <  (sine  of  ani.di'  of  inclination  of  force  to  tiie 
horizontal). 

.\lso,  if  a  set  of  forces  be  in  er|'ailibrium,  -X  0, 
and   -Y       o. 


i 


Analytical  Determination  of  the  Stress  in  the  Mem' 
hers  of  the  Cantilever  (Fig.  fw). 

Consider  the  forces  aclins.;  at  the  point  !U'.\  as 
shown  in  the  Statical  Diagram  (hi-.  "SI-  VW-^v  forces 
are  in  equilibrium.     Iherelon-.   -X       o ;  -N        o. 

i^V  .:  Vnc    ■    VcA        Yah       o    d) 

\ow,  since  C.\  md  AB  .ire  unknown  forces,  the  Yc.\ 
and   \'\i)  will  be  assumed  positive. 
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1  iS  M'I'l  111)      V  I  \  I  |(  s. 

\nc      —  nc  sill  'III  -  15*^ 

^'cA  —  C.\  sin  o        o. 

^■^n       .\r>   sin  r.o''        AU.  —    .  .  . 


2  ,00(1. 


Siil'-iiiiilini,'   llu's<>   v.-ilufs   in  (•(|u;ition  (t.). 

1\'  —  J.OOO     ;     O    -t     .\1>- O- 

•> 

J          4,000 
A  I?  J.ODO. 

^3         ^3 

If,  now,  tliis  inic  v.ihif  of  AK,  whi.ii  is  ;i  poMlixf 
,'|u:inrnv,  !)<•  sulistiliilcd  foi  AU  in  r(|ii.ili<>n  (-0,  it  is 
s<i-n  th.-.t  tiio  assumed  positisc  sii;n  of  tlif  V  of  VH 
n^niains  ;inrlianL;c(l.  'riu'  assumed  sii;n  of  H^-  V  ol  AB 
is,   iluT.fnrc,   cornM  1  ;   ].<.-.,   tiic   \'   of  AI?   is  posili\e. 

II  ^■\n  is  positive,  i.e.,  acts  upward,  .\H  is  found  to 
\k-   a    lone   actiiii;   ai,'ainst    tiie  pin.     'liie   memlK-r   .\B   is, 

4,000 

tiierefore,   in  compression pounds. 

v'3 

l-'or  tlie  same  point  : — 

-X        Xnc    -  \c\    -   X AI!       o    (3I 

Xitc  --"  HC  cos  CjO^  -0. 

XcA  -  C.\     cos    o'        CA.      X(  \     assumed    jiosiiive 

(4-1 


X\ii 


4,000    1 
.\U  COS  Oo    ---   AB.  'J.       .  — 


,000 


Sulistiluliiii^    lliesr   \  ahu's  in   I;,.)- 

i:x      o  •  c  .\ 


000 
o. 

^'3 


CA  =  — 


^'3 

Sul)stilutini4  this  true  v.iUie  of  CA  (a  nes,'ative  ouan- 
litv)  into  e(|uation  (4.),  the  X(\  is  seen  to  he  iie^alne. 
II  X'  \  is  nei^ali\e,  CA  must  lie  .1  force  actinia  aw.iy  hem 
tin-  pm.  I- rom  liiis,  liien,  liic  memhi-i  (.  .\  is  s,  i  li  ;<>  i>c 
Ml  un~ion   J.ono  s  ;  pounds. 


ii 
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The  fon  es  .-iclinfj  at  the  point  MAP,  as  shown  in  iJio 
Slaliiai  Diagram  (I'i.u'.   70),  arc  in  oc|uilihriiim. 

-V       ^■|!\  +  Vai-   -    Vi'n      o. 
—  BA  sin  f)0^  -f  AP  sin  iio'  -r  I'l'-  sin  o'  —  o. 


4,000  \ 3 

v3      2 


AP 


3 


AP 


4,000 


{•"rotii  tlie  posili\i'  sii;n  of  lliis  result  tiio  \.\i'  is  Sfcii 
to    he  positive;    i.e.,    tile    force    .\P    acts    away    from    the 

4,000 
I  in.      'I'lie    memh<T    AP    is,    therefore,    in    tensiop    . 


I 


pounds. 

l'"or   the  s.ime  [loiiit  : — • 

:iX        Xii\  -    X\i'    •    Xi'i!       o. 
—  n\  cos  r.o''  — PI?  cos  1,0     -  PiU-os  o^       o. 


4,000 


4,000    I 
.  _  ..    PM       o. 


pn 


4,000 


The  positive  sitjn  of  tlie  result  shows  that  tin-   Xi'n 
is   posili\e.     Pi?  must,    tiierefore,    act     .iLj.iinst     tin-     pin, 

4,000 
placins^  the  memlx>r  PB  in  compression  pounds. 


The  forci's  acting  at  the  point  PACDL  are  in  e'|iiili- 
hrium,  and  act  .is  re])resentc(i  in  the  Statical  l)i.iL;ram 
(Fiq;.  -2). 

-V  =  Yi'A  +  Yac  +  YcD  +  Vdi-  +  Vlp  ^  o. 
—  P.\  sin  60''  +  .VC  .sin  o^  —  CD  sin  90^  + 

DL  sin  o"  -i-  LP  .sin  '')0^  ^  o. 


4,000  \  3 


+  0  —  J,0<XJ 


o  +  LP.  —  =  o. 

2 


8, 000 


LP  == 


"•3 


i 


■  U 


I  JO 
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I  he  iiosiliM'  '-is;!!  <>l  tlio  ii'sult  slio\v>  tli.il  tin-  Nil' 
i>  jjiisilivr;  i.e.,  ^H  Is  upward.  In  anorclancc  willi  tlii-. 
l.I*  iniisl  ai  I  ai;aiii.^t  tin-  pin,  placini;  the  iiHinlni-  1.1'  in 
I  (iinprfssion  S,<xh)    \  ;   iioiiiul.s. 

I-  ( ir  till'    same   puint  :  — 

-.\  \l'\      :      \\C    ~    XCD    -•-    Xl)I.     :      Xll-  O. 

r.\((iNiio         .\C  cos  o'    ■    Cl)riisf((> 

1)L   cos  ()        T      I.l'   I  OS    iio  o. 

4,000      I  2,000  S,<J>X3       1 

. . 1-  o   i    1)L    i .  —    -  o. 


.^,lhXj 


Dl, 


riic  negative  si-ii  ol  llic  result  shows  tli.it  the  Xi>L 
(sime  the  X  e'lUarKin  is  heinu:  tisedl  is  iiei;,iti\e.  |)i.. 
lh<-relore,    .kIs    aua\    I  roiii    ihe    pin;    i.e.,    the    ineinh<'i     1)1. 

is   ill   tiiisinii pounds. 

Ihe  leader  is  ad\ised  to  try  and  determine  tile 
stresses  iu  tiic  reniainini;  memliers  belore  relerrin^  to 
the   solution   as   lurein    L;i\en. 

lor  the  forces  iicting:  at  the  point  I?PI.(i  (Statical 
Diai^ram,    I'Mg^.    75): — 

-V  -  Vni-  +  \'\'i.  +  Vi.c.   r  Vgb  =  o. 
8,000  X  3  V  3 

O .  — •   -r    I.(j.  —   -r   O  :     O. 


S,ooo 


i.t; 


iMdiii  this  positive  result  it  is  seen  that  \\a:  is  posi- 
tive.    I.(i,   ihe'-elore,   acts  away   I'roni   the  jioint  ;   i.e.,   the 

S,OCX3 

memlier  l.(i  is  in  tension pounds. 

^  3 
I"or  the  same   point: — 

-X    ~    XbI"     r    XlM.    -r    Xl.G    +    Xci!   =   O. 

4,000     S.ooo    1        8, 000    1 


V3 


^'3 


c.n  -  o. 


GB  -- 


I  2,000 


^^3- 
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I  he     \i,r.     is     <\irlcnlK     ])ii-ili\«-,      (il!.     il     Im1I.>\\-., 
.hK    .i;;.iin>.t    tlu'    pin.       I  iic    iiicmlii'i-   (  1 1!    is,    i  lui  cli  nc,    !ii 
I  J  ,0<  lO 

(■nni[)rcssi()n |)<)uii(ls. 

I'diisidciint;    I'u-    point    ( il.I  )l',l''    (Sl.itiral     I  )i.ii;i  ,nn, 
Fin.   --):  -- 

-\'       \'v,\.  -    \'i.n   '    \'d\:   r  Vi:r  +  VH'       o. 


8,000  \' T, 

.  —  ^-  o- 

<^      2 


1,000     t    O   •:-    Fd. 


F(".       


'I'lic    \\\,    Ix'ini;    positixo    (from    tiio    |iosili\i>    result  1, 


|-'(  1     ninsi     .1,  I     :ii;,niis|     \]w    put  ;     i.e. 

10,000 
is  in  I  c)inpres>iun [lounds. 

For   tlic   same  point  :  — 
-X  -    Xc.i.  +  Xi.i)  T  Xi)i    -  Xin-  -    Xi- 


t  he     iiunilxr     I'  •  1 


S,ooo     I        8,000 

■ .   —    + -.-    O     ;      !■  I- 

^32  v'3 


I0,00<^)        I 

EF 


i7,orxD 


Iho  nci;ati\c  result   shows  that   Xl  1    is  iH>i^ali\x'.     In 
riccord.incc   with  'his,   l".|-'  .i(  ts  a\\a\-  Iroiii  llu-  point.     '\'\w 

1  7, (KM) 

nunilicr   Fl'   is.   ihiMolori'.   in   tension pounds. 


It  is  seen  that  tlu'se  results  clieck  those  iound  hy 
graphical  means.  It  imist  he  recosni/ed,  ho\\e\er,  that 
the  .so-called  i;raphical  solutions  taken  up  so  far  in  tlu'se 
pages  have  not  heen  entirely  graphical.  Instead  of  con- 
structing the  diagrams  and  finding  the  magnitudes  of 
the  fcrccs  by  scaling  the  lengths  of  the  lines  comi)osing 
tiic  \V.tor  I'olvgon,  trigonometrical  means  ha\e  been 
used  to  get  at  these  (juantities.  'I'he  solutions  have, 
therefore,  Ix'en  partly  analytical.  1  he  point  of  the  <lis- 
cussion  is  tiiat  h.id  purely  graphic  al  means  Ix-en  eni- 
n!o\Td  tliere  v.'ould  h.a\'C  been  f':>un(!  'in  error  in  the  m:ip- 
nitiides  of  the  forces  as  compared  to  the  values  obtained 


I. 
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.•in.ih  lir.ilh  ,  bill  llil'~  <  rnir  i-, 
(liK--  not  iimniiiil  li>  :m\llnnL; 
c  nut  --i-,    pi-rlic  lly    :ii  cinMli-. 


>  sMKill  lli.il   in  pr.K  ticc  it 
.\n;il\lii  .il   ri'siilts   :irc,  of 


KlnjJ    I'ost   Truss. 

I'i^.  .Sj  K-prosfnts  a  siiiiplo  form  of  roof  or  hrid^o 
truss,  known  as  a  Kint^  I'ost  Truss.  Il  must  ]»■  rlrarly 
undorstuod,  however,  that  the  orcHnary  forms  ot  roof 
hraciiif;,  consisting  of  the  rafters  and  scantlinii  tie-rods, 
wliiili  rrs.nihle  the  al)ove  truss  in  outline,  «io  not  really 
pres<>nt  tiu'  same  problem  as  will  he  iierein  discussed. 
I'su.illv,  the  r.ifters  ha\c  the  roof  sheeting,  shini;les, 
etc.,  hint;  diredly  on  them  over  their  entire  lentilh.  In 
this  ca-e,  these  rafl<r-  are  indined  beams  supporlini; 
a  disiriluited  load,  .ind  the  stress  in  them  will  not 
br  simpl.-  Compression,  tint  a  combinalion  of  both 
len-ion  and  Compression  due  to  bendino.  if,  houe\er, 
sirins,'ers  or  purlins  be  laid  from  truss  to  truss  on  the 
rooliii!:;  s\siem  so  as  to  lie  at  tlu-  joints  ol  th.'  trusses, 
,„  nearh  so.  and  if  \\)v  rafters  and  rooliiiL;  hv  built  on 
t!„.se  sti'inuers,  the  load  will  tluMi  be  iraiislerrcd  to  the 
truss  merely  at  the  joints,  and  the  cas.'  in.iv  tlu'ii  be 
work«'d  out    bv   the   methods  taken  up   so  far.     I'il;.    ^--  A 


rur/tn 


iieetinqtc 


illustrates,    for    another    form    of    r(M)f   truss,    the   method 
of   layini;   down   purlins   and  Iniildini;   on   them. 

Tlure  is  also  a  form  of  bridge  truss  very  commonly 
m<-t  with  on  cotmtry  roads  whi<-li  is  sometimes  (ailed 
a  King  Post  Truss.  The  structure  referred  to  has  a 
heavv  timber  beam  l.iid  between  the  abutments,  and  the 
trussing  above  merely  .serves  to  stiffen  this  In-am.  In 
this  c.ise,  the  beam,  vvhith  .seemingly  corresponds  to  the 
hiiri/ontal  tie-rod  of  the  ordinary  King  Post  Truss,  is 
not  in  simple  Tension,  but  h.is  both  Tension  ,uid  Com- 
pression existing  in  it,  and  these  sin-sst-s  i  .n.r.o;  ik 
found  bv  elenientarv  methods. 


k<. 


\M'I  III)      >  I  \  I  l< 


Requireil  to  find  the  stress  in  the  members  of  the 
truss  (Fig.  «2). 


JOOO 


Analytical  Solution  :^ 

'i'lu'  wlmlo  truss  is  a  hncly  acted  upnii  1)\  a  --i-t  ol 
outsidf  fore  i'^.  I  hose  forces,  tlu'  tuo  loads  \I5  and  l.l', 
and  tliu  two  al)iiliii<'iit  ri'actions  WV  and  V.\,  are  in 
ef|liilil)riinn  ;    llii-rctore,    -\  ^     o ;    -\         o;    -M        «). 

Take  moments  about  a  point  in  the  line  ol  ai  lion  of 
one  of  tlie  a!)utment  reactions,  say,  tlie  point   1*. 

^M       M\i!    ■    Ml  I    •    Mm        Mi  \       <>• 
Since    MF    is   unknown,    assume   Mm    positive. 

3,000    X     10     r     I  ,OCX)    X     10     :      Hi'      X     JO     : 

V.\   X  (J       o. 

HI'"        —  J, 000. 

I'roni  the  net;ati\e  sii^n  <it  the  re^uh,  it  is  seen  that 
Mm    about   1'   is  nei;ati\e;   i.e.,    HI-'   aits   upwank 

i:\'           \\\\      -    Vl  I       r      Vm       ;      \\\  O. 
3,000 I  ,(KX)     r    2,000     •      l-;.\    -     O. 

I-'A  -  ^  2,000. 

l-'rom  the  pnsitixf  resuh  \\«-  infer  that  \  l- \  is  posi- 
tive ;   i.e.,    i;.\   a(  ts   upward. 

Consider  tlie  forces  actinia  on  the  pin  at  tlie  point 
K  \C.  The  known  and  unknown  forces  are  represented 
in    the   Statical    Diagram    (l'"it;.    S;,). 


l-\ 


MM'I   nil       -  I   M  M    ■'■ 

.y  Vl   ^  \    „      .     \(  I  O. 

I    A  \l      MM     IS  "         ('■ 

1 

\  2 

\{  '  J  ,'  KK).     > 


,,.,„„..„,    ,lu.   n,.,:,.iv.-   IVM,1,.   ,lK-Nu>.  vMa.nlv 
„...,„■„,.,   AC   is  in  ,n„>|.n  — i..n   -•.'"-<'  ^-   P'-un-i-. 

:ix      \i  s      \\,       Sm      o- 

,,        AC   sin    13         <  !■;       "• 
I 

O J  ,(  iTKI       \    J  t    1  .  O. 


TlH.  nosirn.-  ..'Mlh  -l„,u>  tl,:,t  \M  is  positi^O.  rK. 
tlunl-on-.  arts  away  fmn,  liu-  pin;  i.e..  the  mcMulKT  Lh 
is  in  tension   j.ckki  pounils. 

Consi,!..,-  llu-  iM.int  lU'l).  llu.  l-nvs  artint;  .>n  the 
pin  are   indirale,!   in   tlu'   Statical    Diagram  (I'li,..   M'- 


:\-        \u\         ^■lI)    •    '^'"'"  °- 

\\\-        I)        1)15  sin   4S  o. 
I 

7  or'    ■    o   ;    HTV  —  '  o. 


DH 


—  i.CHXI.    \ 


,..,,„„  „,e  .K  native  result,  the  N  ....  .s  seen  to  he 
n.uative.  DH,  theretore.  aets  a^ains,  the  pni;  <.e.,  the 
Pieinher    1)15   is  in   eo.ni.ression    J.ooo.   v  2   pounds. 

vv^       Vi5i        \x  1)  .,   \un   ■   o. 

O   -:     I'D  1)15    COS    4,V    -    O. 

I 

O     .     Fl)    -:-    -\0C>0.    •    J.  —  O. 

\  2 

YD  —  —  2,ooo. 

The   X...  is   evidentK    ne^ative._    ^'^l^'^'y''-}'''^:^^^ 
away    trnm   the  pin;   i.e.,    tin-   ■■Kmh.r    ID   i-   "■ 

J,CXK)    pouiuls. 
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•  ■»s 


I'litlsidcr  llif  foirt'^  ;i(  lini;  .it  lli«  |iiMiil  IM  Df.  1  tu- 
rnii(lilii)t)  ol  ;ill;iii  >  l^  i  c  |ii  cmiiIi  il  in  llii  M.ili'.il  Di.i- 
i;r;im   (l-'it;.   85). 


ifooa 


cOOO 


E 


D 


A- 


/' 


1000 


^\ 


\\  I 


Nil. 

I  .CXJO 


<-OdO 


POQO 


f  1^.85. 


\  1)1         N  (  1 

O     -    IX:      r     O 

ik: 


o. 
o. 
1 ,000. 


I-'roni   iIk'  po^iti\c  rcsuU   it   i-   -ten   tli;il   tin-   ^  i>i     i 
pDsilivr.     DC,   tlitn'fore,   :i(ts  aw;iy   trom   tli<-  |)iiint  :   ii 
the  nu-ml)ir   1)('   i-  in  U-nsicm    1  ,(Xx)  pomuis. 


Il 


Graphical  Solutinn. 

Consider    the    forces    acting    at    the    point    HI" DC, 

represented  in  tiic  Statical  Diagram  (Fig.  86).  Since 
tl'.erc  are  tliroc  uni<n<)\vn  forces  in  this  case,  it  is  soem- 
inglv  impossible  to  construct  the  Vector  Polygon  for 
the  set  of  forces.  However,  because  FI)  and  CE  have 
the  same  lines  of  action,  their  resultant  must  act  in  that 
line.  Repl.ice  FD  and  ("!•:  by  their  result.int  as  indicated 
In  R,  St:'tical  Diagram  (hig.  87).  How  this  resultant 
acts  i>  as  \et  unknown,  but,  as  will  be  seen,  this  is  of 
no   import. nice. 

Construct  the  \'cctor  Polygon  for  the  forces  shown 
in  the  Statical  Diagram  (I-ig.  87).  Draw  FF  (Fig.  881 
to  rc()r(>.ent   the   l<no\vn   force   KF  (Fig.   871.     ihen.   from 


'^i 


!JM 


M'i'i  nil 


!•■  (l-i-.  SSI  :i  liiH-  i-  (ir^iwTi  to  R-prosent  the  known 
,li,.-Mio„  nl  U  (I'iu.  S7).  No-.v,  >in,c"  tho  set  of  forces 
l„iii-  .  ..nxM.Ti'd  i--  in  equililiriuni,  we  know  t!i;:l  Ironi 
soinr  poini  in  tlir  iin<'  dr:iwn  to  represent  the  direction 
,,i  K,  aiioth.r  Hne  must  he  drawn  to  represent  the 
,iir.-Mi..n    of    CI)    (Fiij.   S7),    and     also    pass     through    K 
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Flip  S7 


fig  net. 


(I-Il:.  SSI,  ihiT.'hy  closin.t;  ill'-  N'lvlor  I'olygc.n.  It  is 
.•\i("l<-nl  that  -nrh'a  liii-  uiH  roin.ide  with  MF  (Fig.  S8). 
lo  axoid  conliiMon,  ihr  line  representing  DC,  which 
u,„il(l  rnhuide  uilh  i;i',  is  -houn  dolt,-d  to  one  side 
,,|  i:i-.  Ilie  force  DC  is  M-en  to  he  an  efiual  and  opposite 
I,,,.,.,.  ,,,  I-;].-;  i.,..,  it  ,•,(!•>  aw.iv  Iroin  the  point.  The 
rn.nilicr    \^('    i^,    iheivlore,    in    tension    1,000   pounds. 

Consider    the    forces    acting    at    thf    point    ABDC. 

li-,    S.|   being    the     Stalieal     Diagran,   repiesentiiig     the 
,  ondil'ion   of    alfair-   at    thi-~    point. 

\\\  [V'vj,.  90)  represents  the  known  lone  AH 
'{■i-.  S(,),  due  to  the  load  of  ,^ooo  pounds.  Rekrriiig 
10  Tig.  S(),  it  is  seen  that  an  unknown  force  intervenes 
JKtw.T'ii  the  force  VU  and  the  next  known  force  DC. 
It  will,  i!ier<'fon\  he  in  !>ossil)le  to  use  How's  Notation 
throuuhuut  in  construcl  mg  the  N'eclor  Polygon.  When- 
e\er  this  notation  cannot  be  applied  to  a  line  repre- 
sentinj*  anv  particular  force,  the  line  will  be  shown 
dotted  and'  the  letters  designating  the  force  placed 
beside  the  line 

hVoni  I?  M'ig.  Qo)  a  dotfed  line  is  drawn  to  represent 
the  kno>\n  fore.'  \^*: .  N<av,  sir.ct'  the  forces  iind.'r  c.m- 
sideration  arc  in  equilibrium,  tiieir  \'ector  Polygon  must 
close,  and  it  must  be  closed  by  lines  drawn  to  represent 
the  directiors  of  the  unknown  forces  HD  and  C.\.  1  here- 
fore,  from  the  termination  of  the  doited  line  drawn  to 
represent  DC,  a  dotted  line  is  drawn  to  represent  the 
direction  of  the  iorci.    BD,   and  from  .\   is  drav. :;   ancitCiOr 
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line  to  represent  the  direction  of  tlif  toic-  (A.  \\\i->v 
last  tvo  lines  intersect  at  C,  and  it  is  seen  ili.it  liow'- 
Xotation  applies  to  the  line  reproscntins;  th<'  lone  (A. 
This  lin:  is,  therefore,  drawn  in  full.  The  I'dlv^'dn 
should  then  read:  AH,  DC  (dotted  lint),  HI)  (dotted 
line),  and  CA. 

Having   fully   determined   the   unknown    foircs,    it    i-, 
now  possible  to  c;o  back  and  construct  a  N'o  ii>r 
lettered  througl.out  with   How's  Notation. 


)1\  ijdii 


From  B  (Fig.  90)  draw  the  full  line  HI)  equal  in 
length  and  parallel  to  the  dotted  line  representing  the 
force  HD.  If  D  be  joined  to  C,  the  line  DC  should  then 
be  equal  and  parallel  to  the  dotted  line  representing  the 
force  DC.  This  new  polygon,  which  will  leproscnt  fully 
the  forces  acting  at  the  point  being  con'-idered,  reads; 
AB,  HD,   DC,  and  CA. 

I-"rom  either  of  thr  last  two  X'ector  Polygons  it  is 
seen  that  both  the  fones  HD  and  C'.\  art  against  the  pin. 
This  places  the  memt^rs  HD  and  CA,  respectively,  in 
compression,  the  magnitudes  of  the  stresses  lx;ing  found 
from  the  magnitudes  of  the  lines  HD  and  C.\  (Fig.  90). 

The  stresses  in  the  memljers  Dl-"  and  CE  may  be 
fo'.ind  hv  ronstructin"'  the  \'cctor  Polvgons  for  the  points 


Jl 


IJS 


\l-l'l  III) 


\(  I-:  aiul  1U)I-",  rospc'ctiNcly,  as  shown  in  Fit;'--  '»-: 
and  (I-). 

I'ii4.  91  is  the  Statical  Uiat;ram  for  tiie  forces  actini; 
at  thoV''"t  ■^^'''-  L'onstructing  the  X'octor  Polygon 
(Fig.  92)  for  this  set  of  forces,  it  is  seen  that  the  force 
ClTacls  awav  Irom  the  point  r.nd  the  force  EA  against 
the  point.  The  member  CE  is,  therefore,  in  tension,  and 
the  abutment  reaction  EA  act^  iipwar.l  as  would  l)e 
expected. 

Fig.  94  is  the  N'ector  Polygon  for  the  forces  acting 
at  the  point  DUF  ar  represented  in  the  Statical  Diagram 
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Fig  sz 
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The  f 


orcc 


BF  evidently  acts  against  the  point 
and  the  force  IT)  acts  away  from  the  point.  The  abut- 
ment ronction  HE,  tlierefore,  acts  upw.ird,  and  the 
member    FI)  is   in    tension. 


M'I'l  II  |i      -  I   \  I  |i   ^. 
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Stress   Diajjram. 

I  lu'  (  iiiisiiiK  tinn  III  ill-,  Siri's.^  l)i:ii;r,iin  lor  the 
liiiss  (l-'ii;.  iS_M  is  ;is  Inllow^:  It  will  l)r  [iiiiiKirily  :isMinio(l 
th.il  the  rc:i<k-r  li;is  hiiiiui  the  --tr<;^-.  in  liu-  nuTiilier  CD 
l)v  tlu'  iiioliimi  pi'c'>  ii  iiisK  indii.ilrd.  Ilir  rci^iiii  l(ir  thi-~ 
assumption  is  tiiat  liu'  ((in^Iii'i  i  inn  necessary  ti>  lind  tlu- 
siK-ss  in  the  nienihcr  CI)  will  nut  lit  in  iiarjiinnii)ii->ly 
with  the  suhsef|uent  ci  m^ti  iic  li.  ai  <>l    tlu-  Stir^-,    l)i.ii^rain. 

(.'onsiclerintj  the  point  AliDC  nl'  ihe  truss  (I'^it;.  Sji, 
it  is  seen  that  tile  line-  .\l>,  DC  Id. .Med  linel,  UD  (dntlt'd 
linet,  and  C\  ( I' ii;.  u^l  lorm  a  \'ei  tor  I'dlyyon  lor  the 
li.rces  aetins,'  at  this  point.  I\e.  onslruetint;  this  polvjjon 
In-  tli<'  nielhod  outlinecl  in  the  di--eii---i(  in  of  the  forces 
indit  ated    in    Statii  al    Diai;ram    (hie.    .S((),    a   new    X'ector 


^         I 


Fig.  95. 


Polyeon,  AH,  liD,  DC,  and  C\  (Imo.  o.s),  had,  and 
instead  ol  plaiin;^  sensi'  marks  on  the  lines  eomposint; 
this  last  pol\L;on,  atid  an\'  poheons  to  follow,  a  heavy 
lin-3  will  be  used  to  indicate  forces  acting  against  the 
point,  due  to  members  in  compression ;  a  light  line  indi- 
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cati-m  torccs  acting  a.av   .nmMhc  point    .luc  to  .« 

mnbcrs     a    double   line  bcinR   n...!    t..  rquocn     lorcc 

r1;   .o:uN   or   a.n.tn.cnt    .  ,->     ^^'^   -      ..c.    aU 


a!!aM,Morauav   (ron.  thcp^  cing  con>idcrcd 


f(.r     tlu' 


„.iiil     \( 


n   llKit    llu-   lor.'c   AL   ,\,Mlr.l   !■>    nu 


ll      |s      -I'C 


iiiM    111.'    p.-ir.!.    :in(l 


.,.nr,l.    iliio  .inn. ,Mhr  unknown  .il.u>,n.n.   -•;:"';;;',.. 


\ 


i\ill    li.i;!;    :i 

,ill>Tl.l.        Il      i' 


C.n-idfriiiL;     llif    l"i"'<" 
,S;.itir:il     l)i;iL;i.ini,     I  1l 


,.    f()rri>~   hriiiL;     ' 


\-r.  I., I-    I'nlvu-'n    Ini-    llK 

,,„!,,   ..Ni;i,nt    tlK,.    the    Unrc    \.\.    bcin^    a 

.,„-ii^:ri....--,  iiu.  ;in.  !-:\   ri..  -.5^  .vpi".......,,  u  w,i, 

,  ,,inri(l.    with   tlic  linr    \r>- 

,,,  ,1,1^    :it    ;lu'    point      '>'•' 
i;     is    ^iTii    llKit    i!h'    lrM\\ 
,,,p,-,.sri.t  t!;o  lorco  Di''  ll'iu-  "V. 
,,„„„.,    ,,:,;;;•.  M:..1.1.  line  to, .■piy..nt.b.-<lnv.ttnn 

,,1.   .;^,Unn..vn    :>ln:.:n.:..    .-.■-■<-"    '•'■    '"'-''">■   ^^"'•"' 

::,!l,,...n.i,i..  .i,..  ^^^.-l  '• ;-'--;  '-;;;;;::; 

'  ,.,,,,1,1  n.:,.l  Dr..  151--,  ^'Hd  Fl).  (ron,p.ro  VM.h  1m,.  ..P- 
„.,t  l^lMH..  CM).  l.F,  KK.  :>nd  l.:C,,,hv:ulyo.n.tn..t.., 
nctini;    ■'\  tlii^-   P'li'it- 


'    . 


riic    Queen    Tost    Truss. 

Ih'  ii.iiK'l  \\i 


,1,1,.  in  thr  OiuvM  Pn-t  Tru-^  M-i,.  'tri 
riic   loiTc^   .-ictiiiL;   im    tlif   Ifi"'-^ 


::s;::;;  :;i;;n;::''T;:..ro,v,  in,,  Ki.. .:. .-^.-h. 

;;;;:;dUso,.ep.intin,lunino_of    ..jnn.l.t.. 

pli,M\   tlio   :il>iitiiH-iil   •<•...  ii.-hs    t    ••  

„it,,,U-s   indiratod   on   the  di.'ii,ram. 


Strtss  l)iaj*ram. 

Iil;.  ii'i  i~  ilu-  Siir^^  DiiiL^i.im  Inr  the  iiii'-s,  |i^.  c,- 
lii  llii~  (li;iL;i  .1111,  ll'r  -;mii-  -\  ~i.iii  dl  diuililr,  ihin,  .nii 
iu-:i\\-  liiu-^  is  w-i-^]  ,is  in  .ill  llii-  iiriTriliiiL;  Sire---,  |)i.iu;r:i!ii 
ill  ,i\\  n. 
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I  111'  n',i(l<  T  is  ;i(hiM'(l  to  con-.tnn  t  l-ii;.  (i,  i  mi  :i  jnosi 
--htft  (if  paper,  aiid,  a--  llir  si;-,.-,-,  in  <-ai  li  nuinliiT  i- 
liiuiul,  indii-.iU:  it  (in  this  dia^rani.  'I  liis  will  cnalilr  niu 
!.i    st'f    mure    ilt'aiK    how    tin-    xaiioiis    Stali'al    I  )i,i'_;i  am^- 


A 


/^oo 


/'t  till 


arc  arrivTtl  at.  (It  must  Iw  kept  in  mind  that  tin-  Sl.iti.  .il 
niaijram  merely  ropre.senis  tlic  kivw  n  I'crd's  whtn  (lie 
point  is  first  considered.) 

If  lite  followintj  X'cctor  I'i)!_vc;cins  .also  he  dr.awn  op. 
n  so'^.T r.'i tf  ^il'.ei't  of  o.arv^r  n^  tnt'\'  art*  oon^.t'.'d  (Mil  \\\ 
[•"isj.  99,  iisinij  the  same  srale  in  each  caso,  tlio  construe- 
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MTI    II    h       ~l   Mil    ■'. 


>i 


,i,,,,  ,,|  \hr  Ml.---  Di.i-r.iMi  will  llirn  l.r  iiK.iv  .mmI) 
|,,ll,.u..l.  Inr  it  i>  u,n*'i;,lly  llir  pr.-.iv  r  .■!  lin.  -  xvln'l' 
l,;,x..  n..l  \vt  l...-„  :,iii\f.l  ..t  lli:it  m  ,  \  ,_■  In  .niJii^'  ill.' 
i-.-.i(lcr. 

Consider     the     point     Al'15     iSKiHral     1  )i.::;r..iii,     I   1^- 

I,.,,  .       \\\     \   i;,    i;  \    ll'i-.    .xiil.  nll\     I.H-.n    ;i    \  (->  I'M' 

l',,h f.'.i     tlir    Ini^L-    .1.  tin^    at    \\u-   p-i'it.      Iv'Mi    thi> 

p,,!;^,.,,.   the   In,,,    II!   i.   -■-Ml    In  ;m1    a^^:l^    Irnin  t!'c  pnin^ 


FiR.   99. 

and  r.  \  a-ain^t  the  point.  Tho  nirnihiT  FI?  i-,  tlu'iefofo, 
in  t.-n-inii  and  tho  member  HA  in  .■cmpresMnn.  I  I  h<- 
nMU-nilude--  nl  lliesc  st.vs^os  will,  nl  rniir^e.  he  i;i\en  h\ 
-lalini;  the  lengths  ol'  liie  lines   l-'l!  and.   H..\. 

Consider    the    point    lU  (iC  (Statieai  Uiai^ram,  liu- 

.Ol). 
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rile  I.HdWii  hnic  111'  (1  i:;.  MMi  i>  fN.ilid  \>y  llic 
hi;si(]n  iiicnilxr  111''  (or  III'.  Ilii^  l.uri-,  i^,  iIk'hIdk-, 
i(|Im1  ,111(1  (]]ip(i--ilc  111  tin;  l(H'«-  cwiUmI  l)y  till-  s.imc 
M  I'lnln  r  .it  llu-  [xiinl  Al'il.  Hut  III  (Ml;,  ii'i'  rcpir^t-iit^ 
llic  liif.c  (Aciltrl  :il  the  pi.iiil  .\l-r-,  tlnr.li  lie,  tlir  s.mu' 
linr  iiMil  111-  will  npi  i-..'iit  llu-  In;.  <■  HI''  t  \(ili'il  .it  tlic 
pnint  Hi(i(  .  I  he  linr  I'd  (I'ii;.  W  i)  ii  pi  c^clll'-  tile  l(i:icl 
|-(,.  ri  !",•  li..i(l  |-(i  i.  Ii-Ns  tli.m  the  KM!  linn  .\l'.j  1  he 
Imo  <i("  ;in(l  (-'l>  rnmplcti."  tlir  p(j|\i^i)ii,  wliiih  ■.IkhiIcI 
thru  r<'.i(l :  !>!•,  I"<i,  ('•',  ;in(l  (15.  llic  iiunilK-rN  dC 
iiiul  ('!>  .lie  <.\  i(l(:i'l>    lidtl'   in   ttn>i<ni. 

Consider  tlit-    point  AHCI)    (Simiiil   l)i,ii;i:mi,    ii.: 
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The  \'crtor  Polygon  for  this  point  rcnd.s  on  Fit^.  99: 
.\R,  BC,  CD,  nnd  D.\,  from  which  it  is  seen  that  the 
force  CD  acts  .-nv.iy  from  the  point  ;in(l  the  lorce  D.\ 
against  the  point.  The  member  C13  is,  therelorc,  in 
tension  and  the  nienilx-r  D.A  in  compression. 

Consider  the  forces  acting  at  the  point  ADK  (St.iti- 

lal  Diagram,  Fig.  103).  Referring  to  Fig.  99,  the 
\'ector  Polygon  IV)r  these  forces  reads:  .\D,  Di",  and 
F.\,  from  \vhi(  h  it  is  seen  th.it  the  member  Dl%  i~  in 
tension   ;ind   the   member   V.\   in  compression. 

Finally,  from  a  consideration  of  the  point  KDCtiH 

(Statical  Di.igram,  I"ig.  104'),  the  member  ME  is  found 
to  be  in  tension.  The  X'ector  Polygon  for  this  point 
rc.ms  on  Fig.  99:  I-^D,  DC,  C(i,  (ill  (constructed  to 
represent  the  load  of  1,500  pounds),  and  HF.  (The  same 
result  would  have  been  -irriv^d  ■'■*■  \vm\  \h.o  point  AKH 
been  considered.) 


i,U.„nral  lo  ilKil  on  llu.  itu^^,  I'ii;.  07.  M"'  ^"-^'^  "'■'" 
,.,,,,„  |,,r  tin-  l;iM  I,  u-s  i-  -l.nun  at  M-.  K'.^,  Hi'.  .  nn- 
r.rnrtinn  nl  v.ln,  h  n,,,y  !,.■  -..■n  In-  .  .,nM,I.TH,L;  1  '; 
^  Minus  points  ol    th,'   tni-s  in   llic  loHoNvn.L;   onUr  :    AM.. 

\i;c,  (  r.it.n,  .\(  i)i;,  I. IX. II- 

,, riant    to  n..ti.  .■   lliat    tli.-   -tn-s      1   ll'-'   ""■"'- 


It    Is  inipoi 


t   1) 


i,<,     ri)    ll-i^.    o7i    is   t.-nsinn.    ul.rivas    tn,-    .r.rn,I..T 
,11,,     ,.s,    i.   in    .nnipivs-ion,    hut    lb,-    inaunilu.l.-    ol    tU 
.n.-ss   i.     in   both   .as,  s,    thr   s.ur.-.      I  Itat    i-,   proMilcd   thf 

load   bf   Kept    t.mstant    in   m;i>«nitudL'   and   position,   th. 

,r,,,n   ol    thf   nirnilMT  I'D  niri,:\    ,  liaUL,,- 


1  li.in:^!'    ni   nii  mi 

tl,,.   naluiT  <'l    '111'   sir. 


1,111    not    its   niauinluiU-. 


Pii  lOZ 
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It  .na\  li.'  point<-(l  out  liclc  that  on  a.  .  oaiM  ol  tin- 
r,.nMri:.  ti.,n  ol  llu-  joints,  tlu-  dia-onaK  in  th.-  old  Oiu-.-n 
I',.st  lru-.-,-s  w.rr  n'ri-flv  (  apahlr  ol  lakin-  up  '  o:"- 
ni,s-,ioii.  \i-t  ^\^  lia\,-  jilst  s<Tn  that  il  llu-  truss  v,,-|-.- 
huill  as  shown  in  I-i-.  07.  llu-  ni.-nilH-r  CD  woiiM  !»■  in 
i.-n-inn  !or  llu-  -is. mi  l.>a(l.  "\'  -  (hllH-iillv  is  ovrn,,ni>- 
Ir-  pla.in-  a  sc.-on.l  dia-on.'  l-,ft\V(-<-n  th.-  r.-mainini; 
,■,■„>,..,--  ,,r  th.-  iian.-l.  Su.  ll  ■■■  diagonal  i-  known  as 
,  nunlrr  hra.e,  111.'  th.-oi-v  ol  uhii-h  will  In-  lal-.  11  up  nno. 
llu-   (iis,i;ssi,Mi   ol    the   rratl    Triiss. 
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Tlif    Irtiitli    U<n)l    Truss. 

l-'i^.    I,, I,    i-.-|.M'M>nl-    .1    l.iim   <'l    II'"'    tiii~-    l.iK'WM    a- 
1„.     li,n.  h      I  I  II"        Sii.  li    .1     ^liii'lmv    i-     ^.ii.r.ill}     '  m- 

,l,,\,-,i   ul'<  IV  ill.'  1- pil'  li   i~    -''-'I'  ■""'   "!"!••  "\<  ill.  .m1 

.p:t'-.'  i-  (Ic-iir.l:  I.T  <  s:iiiilil<-.  in  .i  '  Imr.  l'-  l-iu-  I'T 
Ji,,\...  l,,,\v  ill.'  -.nil.-  Id.. I  in.is  I).'  Iiiilli.r  i.mi.'i  "H'  t''i' 
;   l.iiij.r   nil--. 


The   link   Roof  Truss. 

riu-  I'ink  I'ni^v  |!''ii;.  ni.s*  i--  iniiili  iii.>rf  ..imni"nh 
ii-r(i  tli.in  llu'  iMcni  h  Iriw-,  of  which  it  is  an  evolution. 
W'hcirvtT  ih.'  r(ii)l  pill  h  i^  low  .  a^  in  la.  t.ni.-,  ma.  hiiu' 
sli.ip-^,  <i.'.,  it  is  r<'a(h!y  srcn  tli.it  this  tni^s  i-  nni.  h  nunc 
;i(la|)tal)lc  than  ono  ol  tlic  fni  in  shown  in  1mu-».  io" 
and    107. 

iiieiiilxTS  of  t;itlier   the   French   or   i'ink   truss   is  o\act!\ 


I   ;, ,  vfi'i  nil      ~  I  \  I  |l  -. 

Ihr  >-:mu-,   -'  ill., I    il    will  "lli\    I"-    li.i<--.il\    1"   ilnli'  .tl<-   till 
pi  iH  (dill  I-    i:i   I  iiu'  I  .i^c. 

I,,  ,,1(1,  I    I..     iin|)lil\  iiKill.T-  :is  nil;,  li  :i-  l)ii'--ilil<-.  ll" 
ill,  H,i,,li,,n   ,.l    111.-   1,11,1    I"   111'-   li,,ii/"iit.il    will  !'<■   I.iI-iM   ^i" 

.,,      li,    III,.    II  ,,„    ill:;.  i,,S  ,    ulii,  h    I-    i.i'li'  '     ■•    -'•■-  l'<-i' 

],il,  h   ill, 111  i'   iiiiliii  iril>  ii'-i  li. 


Anal>tital  Si)liili<>n. 

(  ■.,ii-',l,  I  ini;  l!i<'  Iru--  a-  :i  li<i(l>  :i,  li  <1  iil">ii  '■>  ■<  -'-^ 
c,l  <-\t,Ti<ir  Inircs  wlii,  Il  .-ii'"'  ill  <i]uililMiiiiii.  .inil  :i|'pl>ini; 
till-  ,  i|iialii>ti  -M         ,1  1,,  1  111-.,-  1,11,  ■  -.  it   i-  I  "I  I  ml  li\   l.tkini; 


Fig.    106. 


Fig.    107. 


mimu'iilv   :i1miiiI   ;i  ii,,iiil    ill  <illirr   aluit  nuiil    r.-ailmn,   that 
111,,    alii.tni.-nl    r.-.i,"li,ir      ai.-    lioth   r(,ii.il    t,.   liall    ill.'    l-itai 

l,M(l. 

i:ffcctive  Loads  and  Abutinciit  Reactions. 

Il  will  II,-  iKili,  .il  Ihal  111)  mad  i-  iiidi,  .itnl  al  ihc 
j,,i,,l  ,.\rr  caili  .iliuUiirnl.  In  ifalilv.  llurr  i-  a  luad 
, 1,111-1. Tivd  li.  111.-  ini--  at  ..a,  h  nl  lit.-'  pn-itinn-  «luc 
I,,  tlu-  la.  t  thai  a  purlin  w.nild  ho  pla.-.-.i  <i\iT  thc-c  i.inUs 
(m'c  l-i^.  Sj.Xi.  Il.i\v<-\.-r,  a  l.iad  at  <  ih.-r.il  the-.-  ininl- 
,;iii-.,s"n(>  sirvss  in  llu-  nuauh.r-  nl  iho  tru-s,  hut  i-.  ^'^ 
il  \\,-i,',  liaiisU  rr.-d  dir.rlly  lo  the  ahutni.'nl,  lh.T.:hy  only 
i.iiisiiiL;  a  r.-a.  li.iii  .(lual  an.l  ,ipp,>'~it.'  ti>  il-.-ll.  I  li.'v 
l,,,i,U  max,  th.r.tiiK'.  h.-  Ull  <iul  iil  , nn-i.i. rati, m.  Ill 
iihulm.-n!  i.M,  linn-  l-mnd  hy  ron-ickTini;  th.'  i  .aiiainnii; 
Iliad-  (the  effective  loads)  ina\  in  r.)n-.-.|iicni  .■  he  .alU'd 
tlie  effective  abutment  reactions,  -in,.-  tlu-v  arc  n.ii  tlu- 
li.lal  r.-arlion-.  II  thi-  i-  imt  (|uil.-  •  l.-.ar  l.>  tlu-  rcadoi 
;,  ,,,.., ..1,1  1..,.  -;!>.  i-ah!'.'  fi>r  him  to  iilar.-  in  l.Kid-  .>\«'r  ihc 
joint-  r,-l.-rr.-d  to,  and  th.n  aftor  (U-U-nniniiiL;  th.-  total 
abutment  reactions,   nnx.-.-.l  t,>  tin'l  tho  -ti-.---i--  m  tlu- 


(\.iill\     llic    -..imc    .IS    llic    siiis,,.,    Imiiicl    li\     .  (Ill  >ii|.  iini; 
iiiiiiK    llic   iIIi-iiIm-    .iliiilimnl    [..icliiiiw    .md    l.i.nU 

I  !::■    liii^^    Ikiml;    s\  niimi  i  i>  .iI    hi      '>m    liii'lii>!i.    it    will 

oiiU    he  n(rtts>ar\    to  (Ictcrrninc  the  •<trc>>c>   in  the  Icit 
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hand  half  of  the  truss,  lor,  sin.  <•  ih.-  lo.idin-  is  :iU(> 
s\  iniiK-lrii  .il,  llic  stresses  iii  lorrispi  jiuliiii;  iiuni'ni  s  ni 
liiith   1ki1\c->  (il    llif  tru.ss   will  lie   llu-  s^mu-. 

Il   llic  ali^cljraic   solution   1k'  i-.inird   mi   loi-   tlu'   tvuss 
ill  its  ordiiKiry  iMJsilioii,  il  uiU  ix-  lound  lli.it  llic  woil.   i> 
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Fig.    109 


extremely  tedious  on  nccount  ot  the  \;irioiis  inclinations 
of  the  members.  This  tliHicuIly  may  he  i;ottcn  o\er,  to 
a  certain  extent,  by  eonsiderini;  the  tiiiss  ;is  tinned  o\<t 
ill!  tile  ieil-iumd  upiJcr  ehuid  iininijeis  iie  in  iiu:  Ikn  i- 
zontal   as   indicated   in    I'ig.    109.     (Merely    the   left-hand 
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iir- 


r>      »*  ^  '■  «        ",  .-.1  -A,  y  ^  '' h  >.  /     .  -  ^     *     '■ 


i.V^ 


I  II  i,    - 1  . 1  p  -. 


I, ,.,11    ,,|    il„-   III)-,    i.    .IwAM,.)  Iln-    .HlilM.    .,,nii..l    111    ..ii\ 

u;,s   ,,ll,.  I    111.'   -II. -M~   ill   111.  ni.  iiiIhi-,   -ii".-   ll"'   '-  '•'"^'■ 

lin.'.   .,1    .1.  li..M    ..I    111.     -  ■"'"'^    ""    "'"•    ""^^    'li'.i'^. 

,  I.   .  ^,    irm.iill     111!'  Ii.l'i-'  '1- 

f..ii>iilcr  the    I'.'inl    AMI:     ^Mii.il    Di.i^r.    n.    I''-     ""^ 

:i\       \  \'i  ^^ll      ^  1  \     «'• 

i, .,,.<.  -in  ' ..        Ml.  -ill   ;"       "      "• 


.1  ,.  >.  H  I 


mi;. 


M-. 


Ml.  ].'-"'  ^ .;. 

|.|,,in  llir   h.-.iMvr    I,  -nil.    111.-   .i--iiin].linn   .i-   l-   ^  Ml 

,,  -..,„  K.  Ik-  uinii-.    ^  Ml  i-.  iii.r.i"!..  n.'^.iii^'-;  I.-;. 

Ml-;    .1.  Is    :i\\.iv    tr..m    lln-    ["'iiil.       111.-  iiu-ml..i     .Ml.    i--    m 
1(  n-i.ui     !/"'<'  ^  ,;    li"iiii'l~- 

:i\         \  \\l        \mi  \i  \        ". 

l,(„,ii  rii-   i'>i           i,iii«i   \  _;.    1  "-   ,;i'  I    \         "■ 


;,,„, 


hi' 
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11,,-  .i-imipii.iti  .1-  I"  Xi  ^  ■'-  .-^i'l-  1'"^  ^^i""~  ""■-•'- 
,,,,.  ,...,,!;,.  \i  V  i-  n.-^.iiix.-;  i..-..  i;\  ■!''-  '"  '''-■  !•■" 
;,o,.,in-,,  ,1,..  i„,inl.  111.-  ni.-inlu-i-  \  \  i-.  Hi.i  -  !■  n  <■.  "'  """- 
[ir.---iMti    .'-."."1   poiiiid-. 

Cnsiilcr  the  IN.int  H.M'.I-   (^i..ti':il   Di-iuiMi".   1  i^-    "" 

N^-      \f.^      ^  \i       ^  1 1      ^  1 1;     .>. 

I  ,(i<i:  1   -in  I  111         "      1.1 • 

|.;|-         3.  .(>  \  ;,. 

^■|  I  i.  ,-\i.i.nii>  p,,-iii\.-.    i;i',  iiui.  I'll'-.  -''-^^  >ip- 

sv,n-(l   ,-i-;iin-l   tlu-   n.iiiif.   i-'-.    '-l"'    n  i.-tiil"|-    '''-I'    '^   '"   """" 
|,M---iiin    ;i'i)  V  ;,  pnun.l-. 

:i\        Xi;\        X\i         >^i  1         ^ii'       "• 
.    -  I   ,„,,,  ,  ,.s   no  S.iJ.  K)         o    ■     !■  15         O. 
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1 ,0(3<>.  - 


S..-.:KT      ■      I-'H 


\li;    iH-inu     f.iUlKl    II. ■'.-•,. ili\.'.     I'l>    "Kl^t     :"  '     '"    '''"■    '"■" 

.-ii;,iin-l   til.-  pi.inl  ;  i-'--.  il'<-  ""■'iili'i-   '■  i'  i-'  '"  '  111"!'!*'--!"" 
-,  ;i  II]  |)nuil(ls. 


*.s.t-*^ ',-'■*" 


\  I  II  1 1  1 1    -  I  .  I  H  -•  I  ;'i 

tiiii>idcr  the   I'liiiit   II.AUi     'M.iii  .1   DIi-imh.    I  i,.    ii. 

I  111-   I'iii.iliMii-.    -\        .1   .Hill    -\         'I   ^^lil    li.iw   I"   !"■ 
livtil   sill       ,,iiiciiii^l\    .11    till-   pi'inl 

-  \        \i  I         \i  \i        \^'>         \r,|-  t-  o. 

I,, ,,,   i    ;....-     ;.,  \|l  ,   .  ,.,     ;. )  {,[•<<>-    \r,       -  o 

(   ,iiM  .iliii:,    ■  ■111    I  1 1~     ;. 
.\H  I         .),(iii<)   >    ;        <  1  !■  I 
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In  .11  ((irfl.iiirr  willi  the  \\i'.  h;'\inL;  lii'<n  .i^^iiniiil 
|)i  i~ili\<',  llic  \\\r,  inii^t  he  .i-xiiniiil  iU'i;,ili\i-  il  I'lU'  t '|U.i- 
lioiis  .ii-c  1(1  In-  ii^<(l  --imnll;inciiii^l\ .  In  llu-  '-:imf  w.r, 
liniii  :i  i(invi(l,-r,ili()ii  cil'  thi-  line  <il  aiiioii  nl  dl-',  tli<'  S  i,l 
iiMi^t   lie  .•i'--iini(il  [vi^ili\i'  il   tin.'   X'-l    li<-  :i-^iniic(l  pM^ili\c 

-\'         \\  I  \\  M   ^     \'mi.        ^'l.l         o. 

—  ^cii)  \  ;         (.oi'ii  \   ;.   ^in    ;i  1        -Mil.   viii  yt 
(  11''    ^ill     ^1  )  o. 


^<K'     \     ^  4, "I  111     ^     V 


Mil.  Ill- 


S'lli-lilul''    \:illir   111    Mil    tinm    II.'    inln    (J.^ 
^iKi    s    ;    ■    _',(KKi   \    ;  I  ),'  Hie    \    1  (  1  r    .  '  I  1  r  .  '  '. 

—  ^o:j   \   ^       J,(X>0    \   ^  J, no;  I    \   ;       III'.  Ill'  '  J       o. 

Cil-'        5(10  \  ;,    (.;-^ 

.        ,-    ■    1  '  1  -  .  1  .        .         .  I 


lior-N  IIS  '4»  the  \  ;tn(i  \'  nf  (il-"  urrc  torrfct.    Slini.-  X  ami 


\i) 


hi' 


T  jn  MM  I  II  |i      ■-  I   \  I  II  -. 

\  of  ».!•■  w.n-  liuth  ;i^-iinu'(l  p.i-ilivr.  <',\'  ninsl  :iil  ;i\v;iv 
li,,;-,i  til,-  point.  11k-  liiciiihci-  Itl-'  i^,  iIkhIihi-,  ,11  liMi-iini 
;ii(i   \    ;    poliiuK. 

Snli-.titiiliiiL;   llu-  \;iliu'  (A    <il''   iV'nn  (;,.'<   '"'"  li-'" 

Mt  i  1,1  I'H)    \   .1  -   -  500    N  3. 

■|  he  .isviiinption-.  ;i-  to  \m<.  :iii'1  NM<.  :ii<'  .•vic'ciith 
,,,ii<-,t  ipiiviiiv,'  ri-Mill'.  Ml',  llin-.tdH',  ,1(1-.  :i\\:iy  tioii; 
llu  pninl  l\  ;i-^i;iiircl  pii~iii\<'  ..nd  ^'  nc-;iti\<'>.  I  li< 
iihiiiIm  r   M(i   i^  in  trii-inn    ;,v'*'  \  ;,  I'mn'ils. 

('(in^i;!rri:i-  :,n\  <A  ill.-  ii-ni.iiiiini;  point-,  .1-  tli<' 
priihlrm  nnw  -KiikU,  it  i-  s.-,n  lli.it  it  i-  inipn-siliK-  1.- 
(1(1,  imin<-  tin-  stress  in  .ill  "I  llic  rcniiiinin^  nicmlicis  In 
Ih,.   criiuilions   ^\         o  :in.l  -\  o,    since   llicic  ,ife   loiinci 

1   >  l-.e   three  iinlsiiown   nr  mure   :il  eiieli  ixiint. 

It  is  possible,  lio\\c\er,  t(i  lincl  the  sIr-ss  in  the 
incnilier    Ml.   li\    the    Method   n\    Seetioiis. 

•|:ih,.  :i  sieiion  thioii^h  the  mciiihers  Ml.,  I.K, 
and    Kl). 

(■(insider  the  r.irees  ,-i,  tin-  ml  tlio  porlimi  of  the  truss 
to  'he  left  <if  the  seeiioii.  Ill  order  to  eliminate  ilie  linos 
repr<'seniine  the  x.irimis  m<'mli(-rs  of  tlie  truss,  \\Iiieh 
sometimes  lend  to  confuse  one,  the  bodv  to  the  lelt  ol  the 
se(  lion  mav  he  considered  as  solid,  sin,-,,  this  will  in  no 
wav  .-ille'-  the  iclalive  lines  of  .action  and  maeniliides  ot 
tlu-   fori cs    .aeliiii;    on  the    body    |se,>    I-il^.    ii;J. 

The    forces   acline    on    this    body    ;ire    in    enuilibrium. 
riierefoK',   -M   ■     o. 

'Cike  momenis  abonl  the  point  1'  IiIk'  intorse,  tion  of 
I.K    and   Kl)^. 

:iM        M\M    ■    Mmi         Ml  k        Mi^i> 

Mix'        Mil!        .Mi!\       '>■ 

(.(HHi.-'o        MI..  —   ■   (I    ■    o — 1,000.5     - 

I .( nH).  10  -  -  1 ,000. 1  5       o. 

MI.  ^O.OIM  1 

20. 

r-  —2,500  X  ;,. 

I'rom  the    lleuative   result    Wf   s(  e   that  the  Mmi.  .about 
1'    is  n..^:irue.      Ml.    miisl,    liierefore,    act    away  from    the 


M'i'i  II  ri    ^  I  \  I II  ^. 


I  11 


■-(•I  lion;    i.i-.,    Uu;    nu'inhir    Ml.    i^    in    Icn-iun     -■,5'X)  >   ^ 
]i<)im(ls. 

Consider  the   Point  G.MI.H. 

-X        XcM        Xmi.        Xiii        Xiii.       <>. 

LI  i    (OS     ;<J        :     O  (-). 

I.I  I  I  ,000    \    ;. 

'I'lif  nu'inhcr  I. II  i>  cvidciilK  in  It-ii'-ioii  i,o<jo  s  ; 
])ouiuls. 

-^.'        \(,M    -    ^  \ii,        ^■|  II        N  no        o. 

■;,^oo  \  _^.    sin  y>   — -'.500  ^  _v    "■m   .V 

1 ,000  \  ;.    sin    ^1  I  It  i        <>. 

IKi        o. 

I  K  i  I  ,000    \    5. 

rile  nu-mlxT  IKi  is  in  (  i)ni|)rr--sion    i,(M)o  \  ;  iioimd^. 

Kv  ( onsidcrin^  liu-  poinl'~  (  l>l-(illj,  DCjK,  :ind 
Kjlll.,  the  strcsvc,  in  tin-  rcin.iinini.;  niciiilxTs  m.iy  hi- 
lound. 

Graphical  Solution 

It  is  .'id\  is:il)Ic  in  llii^  proMcni  to  lir^l  con^lnic  I  h 
sf[);irat('  Wrlor  I'olvi^on  tor  en  h  s<'t  ol  torif^  <  on- 
si<I<Tf(l,  and  then  draw  the  Slrc-^.  Diagram  rathi  ■■  than 
ti\  to  lollow  tho  W'ctor  I'olviions  on  a  Stress  Diajjr.iin, 
as   was  dono   in   the  (  ,isc  ol    the  Oiic<n    I'ost     Truss. 

Assiiniini;  that  the  efleitiNc  Xhutmonl  Rcaitions 
have  hccn  found,  Fit;.  114  is  tlu>  Siatical  Diaijrani  lor 
the  point  MAE,  l"i^.  115  Ix'int;  the  corrrspondini;  \'<c  tor 
l'ol\<jon    from    which    it    is    soon    that    thf   lone    .\Iv    ails 
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a: 


'  f'^  '*» 


R' 


M- 


'^' 


at;ain.st  the  point  and  the  fon  e  I'M  awav  Irom  tho  imint. 
The  magnitudes  of  the  forces  ^V.  and  I^.M  will  he  t,'i\eii 
by   .scaling   .Mi   and    I^.M    (lig.    115).      The     memhir     \I'! 


\ ;  •  I '  I  :  1  1 1    ■- ;  \  I  1 1  -- . 
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;,,    ilicii'li.fi  ,    ill    (  (Hiiprc^^ii.n    .111(1    llic    iiR'nihrr    l.M    iii 
I  ^11^1(111. 

In  llic  l..!lM\\in-  <li-(  u-^-iMii  il  will  lu-  ii!cr«l_\  rcc.'s- 
-.,ir\  111  vliciv.  wlu-lliir  liir  v.irinii^  iiicnil"  r-  .iic'  in  Im^inii 
Ml  I  ■Mnpri---ii  111,  --iiK  «■  liiiilinL;  liif  ni:ii;nil  ikIcs  hI  iIh-^c 
s!ii-^i--  im-ii  llic  liuiiii--  I  .111  (inl\-  \h-  (liiiic  1)\-  lilinr 
.,  iilinL;  llic  1.'1il;i1i--  III  tli<'  liiir- ;  w  111' li  i^  impra.  lir:ililc. 
till-  ih.'  piiii'.-.l  piilyi;iin^  ;iio  ii"!  ol  .1  -i/i-  ^nil.iliU-  to  im> 
|,,,,-|  i,ii!;ii  SI  .ill- ;  111',  1>\'  .ipplvinu  m'iMiicl  I  il  :il  nM^niiiii;^ 
ill   llir   I'l^iiir--.    wliiili    ni:i>    c.-i^ilv    lie   ilmii'   li>    lln'   icadrr. 

It  ;,^  ,||  I  (uir^r,  :ih\a\^  lM--t  lur  llir  UMilcr  In  imi- 
^liiiit  llir  piiK'^nn-.  <ir  lii;ui'<'^  inr  liini-cll,  ii^iiil;  -.mnr 
1  I in\ ciiiciu   ^1  .ilo. 

Consider  the  point  F-..MM-.  I  i-.  in  i-  ilu  Sintii.il 
Di.iur.ini  Inr  llu-  Inrifs  :iilinL;  :it  llii''  pn'mt-  l-'inm  llu' 
N.iini-    l'cil\;;.in    liii;.    M7I    il    i>    -irn    llliil    liu     Inrrc^    Hi-' 


t'l 


/! 
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■  ml  M-:  hiilli  .111  ;iu.iin-l  llu-  pniiil.  I  lif  nu-mluT--  HI-' 
.iiiil    I' I-:   aif,    lluiflon-.    in   (  1  iiiiprc>--iiin. 

Considtrinj;   the   fortes  actinfj   at   tiie   point   Mlil  <i 

Si.ili..il  l)i;iL;r.ini-,  l''i^.  M'"^'-  I'li  Hi!  tlic  W  rtnr  l'.)l>  i;im 
iji^.  I  Mil,  il  i^  --i-.n  tli:il  liiilh  the  Imrr-;  !•'(  i  :in(!  (iM 
111  I  .i\\.i\  liciiii  llu-  iiiiini,  llif  inciiilici  -  Mi  .mil  '"M 
luiiiL;,     ill     I  iiii-~ii|iu  111  !■.     in      Icn^iiin.      'lli"     ir:iilrr    will 


/-> 


.\r 


niiliiv  th.il  llir  WtIiii-  I'.ilvL^nn  riMiK  Ml-,.  i:i''.  1; «  ■ .  ;i'>«l 
(,\I.  Ilii.  |,i<|  jinr  (.M  iiiiniiilr-  willi  ill''  In-l  lii"'  Ml-. 
,i,..    MUM'    in. 111.    Ill     Ml',    h.ixin-    In-cn    pl.irrd    nlimr    :iih1 

lll.ll     111    (iM    ll.■ll>^\.'l 

Consider,  next,  the  point  CI)KJ  (Statii  .il   l)i:i-r.ini, 
I.:..       ,  ,..i        I  I,..     (,>,:,■■.    :iilin->     :il     llii-^    iminl     arc    <.l) 


M-^ 


M'I'I   II  \>      ^  I   \  1  II 


14;. 


ikniiwni,  :in(l  DK,  Kj.  ^md  |C.  ,ill  iir,I;n.iun.  Sim  c 
lluTi-   ,-ir<'   lliiff   unknown^   .it    tlii-   ixiini,    it    i^   iini)n-.xili!r 

I i--li-i;(l      .1     \'<-(tiir     l'iil\L;nn     ;i>     the     |ii(ilil<'iii     imw 

^I.iikN.  )(■  ;in(l  1)K.  luiwrXtT,  1ki\<  IIu'  s;iiri-  linr^  <>l 
,i(  iidii.  I  luir  icMilt.inl  will.  1  li.-r.'li  u'r,  ;ii  t  in  llii--  sjmr 
lini-. 

k(l)l.i(c  jC  :in(l  DK  Iiy  their  r«-~iilt;mt  R  ;i^  indi- 
ralcd  in  St:iti(;il  1  )i:i!^iMni,  l-'ii:.  1 -■  1 .  I '.>nslnii  tini;  iIk' 
\C(  lor  Polviion  for  tiii^  n<-\v  M-t  .it  loi.,-^,  wWu  \\  (<\^\\ 
(  (intaiii'-  two  unknown,  il  i'-  ^itii  hum  \]'j,.  ijj  llwil  ili<- 
\,.i;-f     \\\     ,11  ts     .iL^iiin^l      ihc     pi.iiil.       I  in-     iiicmlur     Ki 


/7j?  /^'o. 


IZZ 


i-,    llu-rctnif,    in    t'iimi)i(-~ii '11.      (  1  lir    nu-nil  ii(l<-    <  il     tlu' 
n'^iill.nit   l\;   i;i\<-  no  intoinialion  ol    \aliic.) 

Consider  the  point  JKI.H  iStaiiial  l)i.iL;ratii,  I-it;. 
ij;).  Sinrr  Is.!,  and  I-II  also  ha\c  llif  samr  lira-  of 
artioii,  lluir  resultant  will  act  in  that  liiu;.  Rt-pkuini; 
KI,  and  1. 11  hv  their  re^-ultant  R  ,  a  1  nndition  sik  h  as 
shown  in  Statical   Dias^ram,   lii;.    1  J  j ,  is  arrived  at.     (  on- 


JOO.J 


/■••.•  /•"■'" 


structiiii^  the  \'ector  I'oh^on  lor  this  lasi  set  ol  torees, 
it  is  sein  troiii  I- it;.  1J5  that  llj  a<  ts  away  from 
the  point,  thereli>  showing  that  the  nuaiilier  IIJ  is  in 
I  onsion. 

Coming  back  to  the   point   GFBCJH  (Statiial   Dia- 
£;rnni,    Ficf.    1 -*''),    it   is   seen  that   there   are   now    merely 


w^m^'^-mim^'^WM 


\iTi  II  n    ■'I  VI II  ^- 

,.„linu   :it    this  point    in.iv   he  roiistnictod. 

Th..    Wrtnr    I'.,lv>;un    (Fiii-     1^7)    >"^'y    l'<-    iH'^""   ''>• 
,,,„....n,ln,  th..  lunVsC.F,   M'.,   .ml   HC.hut  -t  ,s  then 

.'.„  th.-,t  ,h..  unknown  fotv.  CJ  •■"'•■''Y'"-  '"-■'7'-"  . '^. 
,„.,  ,|u.  luM  known  fonv  JH;  -  'l-'.  '"'-  '^  ^""^ 
h.inii,    l'.nw\   Notation   will   have   t,.   !«•  (hopped. 

ij-1   <h-aw   a   (lolled  line   to  r.'prc-cnt 
I_   pl;„ini;   the  U-ltcrs   .1    and    H   1)-'><1^' 


h'roni   r    ll-'i 
the    l<no\\ii    lone 


IDOO 


n^  ;-■ 


,!„■  line  to  indi.at,'  uhi.h  lone  it  represents.  1-roni  the 
K.rmination  of  this  last  dotted  line  i.  draun  another 
.lotted  line  to  represent  the  known  line  (.1  action  ol  the 
tone  CI  .\No,  .since  the  Vector  l'ol>i,.)n  must  close, 
.,  li,„.  is  drawn  from  the  i-iltial  point  (i  to  represent  the 
known  line  of  action  of  the  force  IIC,  this  last  line  mter- 
scclin-  the  si^cond  dotted  li.ie  Cj  at  11.  ke  \  ector 
l'olv..on  should  then  read:  CF,  FB.  UC.  ]\\  (dotted  hne). 
CI  "(dotted  line),  and  llC  it  is  evident  that  Uow  s  N..t- 
,ion  will  .api.ly  to  .he  line  repres<.ntin^  the  force  IK.. 
Ihci-cl'.i-e.   the   line   is  drawn   in   lull. 

\ow  thai  all  the  finces  .ire  known  at  the  point  bein^' 
considered,  it  i^  ix-sU'lo  to  .^o  Lack  and  reconstruct  the 
W-ctor    I'olvnon,    usin-    How's    Notation  throughout. 

F.-om  C  yVv^.  1^7)  dniv^  l-M  ''n"-'!  '"'^1  P'"'"'"^''  ';**''': 
,l„„,d  line  CI.  Ike  line  joining  J  to  11  is  then  ec.ual  and 
parahel  to  the  dotted  line  JH.  It  is  evident  that  thes.. 
new  lines.  Cj  and  111.  represent  fullv  the  tores  C  j 
and  .111. 

The  new   Wctor  1'o1v-(mi   reads:  C.F.    FU,   UC   C.I, 
111     and   lit;,    fr.-ii   which   it    is    seen    that    the    lorces  t. 
■-n„i    lie,    both    act    ai^ainst    the    poi.U.     '1  he    memlx^rs    C,| 
and   lie.   areevidentlv  both  in  compression.     (  1  his  same 
c.Hiclnsion    could    have    1kxmi_  arrive.!    at^  from    the    ttrst 


foccriry 


M'i'l  II  I  >     ~  I  \  I  h  ~. 


M: 


111    1 1  I  iiii-li  III  I    llii!    [i<il\i;iHi,    u-ili;;    r>ir,\'~    Nnl.ilinn    il    llii 

Mif^s   1  )i,it;i-.iii;   i-   l<>  lie   di.iwn.l 


Stress  l)ia}>i'aii). 

I  iu;.     iJ>^    i^    ilii    i|il<-i.-    Siit-^    |)i.ii:i.iiii    1'or    the 

Il  ll-li.ind  li.ilt  of  111.'  lii.k  liii^--  ,1--  -liiiwii  in  li^;.  i  .'"^A. 
1;  will  niiTi'U  Im'  ni-i  i~^:ii\  Id  ]>iiini  i.mI  iIu-  \,iiiiir,s 
\<itii;'  l'i>l\;;iin~  in  l!:i-  'li,iL;r.ini  -imc  llii'  i  <  in-.l  nii  I  ii  ■!! 
>i|    ijii^i-    p.ilv^iin^    h.i-    'i«Tn    .ilr4M(l\    ^mu'   i1ii"<i|Ii;Ik 

\|  \,  \i;,  .iii.l  I-.  \1  I  i-.  I  j^'  .'V  idiiUlv  Idiin  .1  \  i(  lor 
ri.U^i.n  till-  tin-  iMi.r-  ;ii  liiii;  ,i!  tllL'  point  MAI'!.  ^1  r 
I  ii;-.    II  I    .mil    I  I  ^. 


FiK.  128. 


t'i>n--i(lci  in^'  tilt'  point  I-AHI",  llic  WtI.h  I'nlyi^.in 
reads   (in    l-'i^;.     i -S :    I'. A,    Al!,    I>l',    :in(l    V\:.     (('omp.ir*' 

U  llll     I'l'J..     I  I  7. 1 

•  'iimini.;  luAt  Id  the  point  .MHH(i  (sec  I'ii;-.  iiS  and 
iM,),  mi;,  I:|',  l-C,  and  (iM  (l"it;.  uSi  lorni  a  Wctor 
I'olvi^on  for  tlio   lurccs  .irtini^  at   tlii'~  point. 

[•"rom  15,  oil  tlio  line  M.\,  lav  oil  lU"  |o  r<'j)r(--cnl  tlu- 
lo.id  iU".  riion  I  roni  (",  on  llie  ^anio  line,  lav  oft  CI)  to 
represent  tlu-  load  CI). 

Consider  the  point  KJCI).    Keplarin-   DK  and  JC  by 
tlu'ir  nsiill.int    R,,   it   i^   seen  that  CD,    R,  (dotted),   and 
K|   (dotted)  lorm  the  \'eetor  Pols,'on  for  the  forces  jndi- 
rated    in    Statical    I)ia.i;ram,    1'"!^;.    ui. 
1(1 
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M'i'i.ii  n    M  \n< 


l.-,,ll„uini,'  out  tlu.  .M.no  .nethnd  f-r  the  point  JKI.H. 

,,.,,,„•„,.    Kl.an.ll.ll   l,v  thvir  rv.uhant   K      ^^l".l>   ^m- 

.1 li.inn   in.li..l.-.l    in    S,:,.i,.l    D.a.n.m    in,-    .-^4. 

i.  ..sidon,  .lK„  IK  (.1..n...l),  K  (.I0..V.I,.  ami  IIJ  (dntu.n 
,,.••,„.  ,,s,  lorn,  tin-  V<TU,r  I'nlvo.,n  tnr  llu-  f-n  r.  homi; 
(livrii-^M-d.     (Ci.mp.-in-   witli   Mi;.    '-3''> 


I'loin     .1    I 


-..nsi.l.Talion    «\    llu>    l.'iv,-,    .•Hlmi,'    :i 


t    the 


,oi„;  nn^uH:  i,  i. '-•■':• -vr''"v";.;::; 

,.,,v,.,n  for  .1,0  fonv.  h.-in^  <li  — M-d.     '-- ^^  N""' "-  • 
„„v..v,T.    ronld     not     1»-    fully     .arn.-d     oul     lor    M.,,son> 


ho 

:iln'ad\-   i;i\«n. 


K,..ons,rur.u,-  tlu-  Wrtor   Polv^on   for  thi.  poi,>t    ^<. 
,„.,    nn^v^X<>.aU..nn,avl..  applied   .lu-ou,l.u,,     a  poy- 

,on  xvhi.  h  r,-ad.  ..r.  1-H,  IH.  (j  >lHavy  '""  '"  '•^'; 
(,l,in  full  linH.  au<l  IK-lin  Fit;.  >^^l  '-  ^'•■'■'^'■•'  ^"-  '^^^ 
disru-i,,n  ol    I'iu--    1-"  •'"'!    '-7-"> 

In   llu-  <r.Mu-ion  ol    llu-  (.r.,.lH..,l   Solution  p'V^  i<-»> 
,„,lu.   s,.,, ion  on   tlu-  S.rvs.    Dia^ran,.   llu-  .Klrrnunation 


4-000 


tho  n<,int  (U-nnil,  .iHMo  iK-ins  no.lun^yl.  luult  .n  k 
,onsnm  tin,  of  .lu.  V..,<.r  I'oly^on.  ior  tlu-  for.es  a.  n,  , 
,„  ,1,,  ,,n.,inino  points.  Tluso  poly^.ns  _m:,>  cms,1>  h. 
follnuvd   out    on    tlu-   stress   Dia^ian,   a-   ionov.^,. 


M'TI-II   l>      ^  I  \  1  H  ~. 


147 


KrU-riin;;    to    Sl.ilii:il      Diii-r^mi    (l-iu;.     i-'nl    li>i'    ttlt 
pdint   .M(iHI..    ii    is    s.cii    ih.ii    M(.,    (.11,    III.,  .md    I.M 

ll'ii^.  1  jM  lunviitiilc  :i  \'i'(li>i'  I'oKl;")!)  lor  llic  lorcr^ 
.iclilli;  :it  this  point.  Il  i-.  <-\i(lrllI  llciiil  lllis  |)i.l\.  i^iiil  IJKlt 
Iwitll    till'    liiict--    111.    :m(l    I.M    ,11  I    :i\\;i\     linni    llic    point. 

Ilu'     nuMnlMTs     III.     ,in<l     I.M     :ni',     thculoK',     liotli     in 

I  i-nsion. 


C  on^idfi-  the  point  I.HJK  (St,ttii\ii  I  )ia!4i-,irn,  I' it;. 
1  ;,(>).  I. II,  III,  jK,  ;m(l  Kl.  (li^.  ijS)  is  tin-  Wctor 
I'olyi^oii  lo:-  the  lorcos  ;ii  lint;  :il  tliis  jioint,  Irnin  \\  ITk  li 
it  is  s,cn  tlKit  tilt,'  nu'nihor  KI.  is  in    Tension. 

Comint;  l);i(  k,  liiialiy,  to  the  point  KJCI)  (St;itir;il 
Diaiir.ini,  I'ii;.  i;,i),  evidently  KJ,  JC,  CI),  and  l)K 
(l-iij.  ijS)  form  a  X'ector  I'olys^on  tor  tlu'  tones  heins,' 
ronsidered.  The  force  I)K  is  s«'<!i  to  act  against  the 
point.  The  niendier  DK  must,  in  consefjucnce,  l)o  in 
Compression. 


The  Pratt  Truss. 

Ficj.  133  represents  a  form  of  bridtjo  tru.ss  known 
as  a  Pratt  Truss.  The  l-llfective  Dead  Load  shown  in 
the  diagram  has  Ix-en  chosen  purely  arbitrarily  without 
regard  to  the  practical  rules  which  govern  the  first 
assumptions  as  to  dead  loads  on  bridges — convenient 
quantities  having  been  chosen  which  will  .serve  to  illus- 
trate the  method  of  procedure. 

Since  the  truss  (Fig.  133)  is  symmetrically  con- 
structed and  loaded,  it  will  merely  Ix'  neressary  to  con- 
sider one-half  of  the  structure,  for  corresponding  meni- 
liers  in  both  halves  will  have  the  same  stresses. 

The  required  stresses  may  Ix'  determined  by  either 
.^)nsidering  the  forces  acting  on  the  pin  at  each  join! 
ot  the  truss,  or  the  Method  of  .Sections  may  l>e  applied 
:!V    takinjj    ^iertions  through    v.-irioi;';    Tr,<-m!iors   jn    sucli    :; 


r-jmm^m^^^^^^^?^%^':*-'  --     ^f^:^^^is^^^^::r'^ 


^ 


n> 


piohU-ni.     II 


,     lii.in    ilii<'<'   unknown*  t" 
,      .  Ill  b.-  i)iir-u--<l  in  I'l- 


i, 


u 


Consider  the   forces  acting   on  the   pin   at  the  joint 

HAJ  (Si,iiir;il    l)i:ii;rani.    I'ii;.    i.U^- 

7.000   •   o   ■    H.\.  45       o. 


lil.TcliiM',    ,1'  I  -    .lU.iin-l    I  111-   im/i-,;   .    i.>     .    !l;i-    111.  ■  ml  r  I     i;  \   i~ 
'n    t   c  .i;:|i;  i^-ii  .n    ^,7  ;•  1    \«  piimiU 

^\         \m         \ii;        \i;\ 

()       11!       --.r.v'.  .;  5      "'■ 

11.     5.J5... 

I  h.-  ;i..-ili\.-  i«->i|]l  -Ik.w-  lli.l1  \ii;  i~  |i..-ili\<':  i.c  . 
11;  ,rl-  iM  liic  li-lil  .i\\;i\  liMMi  ih.'  p.iinl.  I  lie  mrii;lM-: 
11;    i-,    ill, 1.1. .U-,    ill     liii-'iMii    5. -'5"   |'iii:ii(U. 


r; 


\     ./    ^J 


M  '■ 


\ 


\" 


:caa 


N    f^  ,jr 


Cq- 


I 
i 


I  ig.    I.S.i    is   the    Statical    I)ia}«raiii    for    the    forces 
acting  at  the  point  I.JHC. 

-\        \i.[    •    X.ii!        Nur        \i  I.       o. 
()-     5,,J5o       0       CI.       o. 

CI.       5.250. 

Tlu'     nunilxr    CI.     is    «-\i(Untly     in      l.-nsion     5,:;5o 
piiiiii(U. 

-^'     \\.\  -:■  ^'.ll.     N'lii      \ii      o. 

—  2,(KX>   ■:     C)  HC     -    ()  O. 

lU'  ()0(). 

TIk'  iiicnihcr  lU"  is  in  Tension  j,o<-)o  ])i>un(ls. 
For  the  point  CBA(il)  (St:itir;il  Di.iomni,  l'"ii;.   136). 

i:^'     \'(  li     \'ii\  •  V.\c.  •  \'(.D  ■  \i>(      o. 
--  j,o(Ki  •  ■'^,750.  4  5     -  Soo  •  0  ■  DC.  4  5     <). 

DC  .    —5.250. 

The  member  DC  i^  in  Tension  5,250  pound.s. 
SX  =  XcB  +  Xb.\  +  Xag  -r  Xc.D  -r  Xdc  ^   o. 
O  +  8,750.  5  5  -r  O  -  CD  -    5,250.  35^0. 

CD  -    —8,400. 
The  member  OD  is  in  Comiinssion  8,400  pounds. 
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.i 
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Considerinji  the  forces  acting  at  the  point  Nl.CDl. 

(Sl;ilii;il   ni.ii;t.iin,    I'l^-    ';^7)'  — 

^•X  ^    Xm.  +  Xi.c    ■    X(  1)   •    Xdi:  +  Xi  n  -  o. 

()--5,2;so- 5.^50-3  5  +  "  +  |^^       "' 

I.N       s,)<K). 

•||,c  m,-nil«T   i;\  is  in  ■\\■U'.\n^^  S,  (.,,,  |).,uihIs. 

;^\-     ^•M,     \i.<;     ^'  1'     vi.i      ^  IN     <>■ 

1)1'.  -■2.2iH>. 

■liic  nH'inlHT   1)1-:   i-  ill  t"..mpn-i<.ii   J,J<)0  pc>un(l>. 

Statical  Diagram  (I  ig.  IHS)  represents  the  condition 
at  the  pctint  lilXiHl". 

vy     \-| I,     ^■|„;     ^■|.li  ■  \Mi   ■  ^■| i      "■ 

ii-;         i.r.s'J- 

•jh.'  nunilxT  \\-.  i-  in    T.-n-ion    1,750  \><>w,U. 

^\      \i  i>      \i";      ^''ii      ^'"       ^11       "• 
0  .  s,4oo     0      III'      '.rs"-  .'>  .'^     "• 

ill'  M,  l.^ll- 

Tiu-  nunilxT   III-    i-  in  Tcnipi  .-.-i.-n  ..,43..  pc.un<K. 

l-roni  inspection  of  the  point  I  HKM.  ii  i>  •  i-il> 
.<.,.n  Ihal  ll.o  nKn,l)ci-  FM  nui^l  W  in  (onipii-sK.n  S,o 
poiinii---  jt 


Fig.  139 


Stress  Diagram 

'!  ho  .'^tiT'>-~   i)Kii;i.ini   Mil    ill.    !■::;•■ 
indi.'.itrd  in  I'i-.    i,;.;.   i--  -ll"^vn   :it    I-'ii 


:  -,<).     If  llic  sots 


•L<iJ>«jP' 


ol     fonts    .11  linu    .il     llu-    v.ni-iii--    j<iiiils    ,,i     ll\c    liiis--    Iw 
riiiisid.Hil    in    iIk-    -.\i\u-    oiil.r    .is    l.tkiii    up    in    llu-    pic- 
(•••(iini,'   .in:iKlic  .li    soluliim    Is,-,-    St.iln.il    I  )i.iL;i  .nns,    |-i-s 
I5J     .     .     .     i;,.*^'.   '•'*-■   \<i^'<'r   l'<)l>,L:<>ns   inr  llu-   rcsp,-,  i  i\c 
I  asos  in:iv  easily  l)c  followed  out  on  tlic  diagram. 

I.i\e   Load  Stresses. 

\  few  .striirtiiral  details  will  lia\e  to  l)e  pointed  out 
i,i  order  that  tin-  reader  may  elearly  understand  the 
f,)ll()\\inL;   disi  iission  of   I.i\<-   Load   stresses:    - 

1-in.  I  ^,5  r<pres(-nts  the  truss  on  one  side  of  a  l)ri(lj,'C. 
On  tile  otiur  side  is  a  truss  of  the  same  construi  tion. 
ComuMliiii,'  these  trusses  at  the  top  is  a  syst,in  of 
brarini;,    .nnl    .it    the    lowei'    joints    provision    is    made    to 


f /oar  Seam 

Fig     140 

support  the  Hour  svstem.  I'iii.  i  )o  r<'presenls  <liaL;';tm- 
m.itii-ally  hy  an  end  elev.ition,  the  method  of  supporting; 
the  flooriiii,',  ete.  l  his  iiijure  represents  an  end  elevation 
ol  the  joints  (r.'l  .ind  (3. "I  (I'"ii,'-  '.■?3)  ^I'l'l  '''<•'  "'orre- 
sponcinii;   joniis  on    liie  i>p|)iisil<'-   truss  <~m   tiic    r3rKit;(". 


^V=^£:vf  =7-^r:7;?;£: 


,11  I  III'    - 1    Ti''»;. 


is" 

11^ 


\(  ,11.1  I'.l)  ..  [ii.  ■.  ■'  1'  ■  ■  "''•''  m«  ii''»i-  '"  '  ■ 
;.,  th.  !..;,  1..1V,,.,,  \  ,„m1  r.  Kn.tr.l  L.  ll..-  I..U.T  .s- 
,,rn,hi,-,  ..I  Ih-r  N.MH.  .1  mrtnlM-..  U  ;.  iH'.im.  f.,M.n,-.l 
i..\\lii.li  MIT  as  m.iiu  Mili.i  l..nuilu.liii:il  vtrm-.  i  -  'II 
,,  ,„,n  !..■  th.-ii^lil  ,l.-.ii.,l.!.-  I.,  -il'l"-'  ''"■  '!■""  ','!"" 
\vl,i,  l.lli.  I.iv.'  l."iHi  \^ill  P''---  '"  ''''^  >n,,nn.  r.  ll.r  l.n.' 
|,,.„1  i,  ti.m.l.ii.-.l  l.v    111.    ^ninu"-    1.1     "•'-    ''"'"•  '"■•'"' 


,,  III.  ,il-    ,it    t 


.,,,,1     1),    .111.1     li..ni    tlu'ii.-f 


|l|    H    ,    (1      ll.I  W  1  I    II       \1 

I,,    lllr     i..inl-    III     III.-    till-- 

II    i„.u.    .1    I.K.     I... Ill    I"     i"    -""!'■    P"-i''i""    i'-'\'>''-'i 

,1;,-  i.,«. .  L.ii.i-  11.'  .iihI  I-.'  ^1  i'-'-   1.;;^  '"  '^  ■'■■"  '""" 

,1,..  pi.ir.iin-  .li-.  M--iiMi  Ih.il  ]..,,1  ..t  tl,r  :..,„!  u, II  lir 
I,  in-l. 11,(1  l.>  th.-  inini  I  i.i  .m.l  I'lH  '"  ''"  """  '-'•'• 
1|„.    |„,rli..n    I.I    111.-    li.i'l    tr.in-.l,-ii.-(l    1..    .-llli.r    i<'inl     <1-- 


pciKlmL;   m 


)..Ti    ill.-   ili-.t;inr.-   d    lli<-    l.'.i'l    li"iil 


I  1  .  i  ill-   I.',  t 


ll    1-   s,-.-n    III, 111    ill.    1,1.-.  .-(lini;   ili-..  n->l..n   ..ii   tli.'   ..iii- 
Mriidii.n   .,1    111.-    Ili>.,r   !«  .mi-   .in'l    -li'mU'i-    'li-''    ll"'    li^'' 
!,,:,, I    i.  li.insl.-ri.-(i   l.\    til.--.-   1m-.ii:i-.   ,1-..    1"  lli''   )"'i"-  "' 
tl„.    ,,,,--.      II    :i    I.i\<'    l-"-i'l    I"  .iiiii.-    .1    po-ilii'ii    I'.luvvii 
UM.    i    inl-.    piiit    III    111''    l"-i'l   U"'-    1"   "i"'    .i"'""    ■""'    !'■"■' 
t,,  ||„-   ,,ili,-r    i,,inl,    ->   llial    il    Hi''    -H'--   i"   ■'".^    li.m 'h  uLn 
„„.,„1,..,     i,    ,i,--ii,il,    thf    truss    must    be    tonsidtrtd    as 
acted   up(>n   by   the    portions  ol   the   load    translcrrtd   to 
the  respective   joints  between  which   the   load  lies.     1  ..r 
in-lam.-,    il    llu'    I'-.k'    \\«'1«-    '"  I'"'    ''■'"    '''■'>    '"' ^^'■'■''   ''"' 
i,,ini-  (Ji  :in.l  l;i  (i-i:;-.    mH.  li-iH   "'   '''<'  I"-"'  -'"'^  '"  "^ 
,,,„1  1,-,1|    1.,   (;|.     -111.-  iru-   sliniil.l   lli.--n   Ih-  i-..ii-iil.-r.-d   .i- 
.„  t.-,l  npnii  l.v  UM,  Inn.  -,  oiu-  :it   IJi  ;iih1  iIk'  "ili'-i-  :i>   '.V- 
in.l.   ill  this  ('-.iv,-,   l.nlli  .-(lual  1..  I'.ill    llH'  l"-i<l- 

II    i.    nu-ivU    1U-.  .--.ir\,    li'i'  ll'--    li""'   '"■'"-•    '"'.'"'- 

sid.T   111.-    I.i\.'   I'.i'a.l  ,1-   il   roiiu-  .iiiv,  ll>    nv<-r  -•■I'll    )""''• 

in    ulii.  h   la-.-    tl.o    t'.l.il    l.i.iil    i-  t.il«-i'    •!-    •'<■""-    ""    ""■ 
paili.  ular    i'lint    al    will,  li  il    li<'"- 
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.    ..  -.       .!.„    1..,  .-.I    -.Irviia 

In   l-ii;.    '  ('    ''!'■  'ii'ii^''  '""'^   ;>  iiw--;--:;;-    ■■■-•-   ^ 

xxhirh   111.-   I. no   l.ca.l  ..I"  '..(x^  pound-  pa-o-. 


:"^^:;!C*'r; 


Cl>lI^i^kr  the    In.til    .il    loiilt    ('.'). 


I  in     ill  i-h,ii  II    .iiii; 


IliHIl     llu'     illl     .lIuillIK'hl  . 


I   ikf    .1    M'<  liiin 


(  I  .n-lili  1    tin-   I 
111,'  1.  11   .il    llii- 


i>i  I  <■>   .1 


iIikiiil;!!    ill''    nu  iiiImi 
I  in^;    .11'    llii-    pi.i  I  i'ln 


ill  ,11.      1  I  I'l  -    |ii  'I  1 1>  111    li  I   1  111'    Il 
.iiliil      lii.ih,'         llii'      liHi 


ii    1 1'.    Iriiss  to 
iil:\\    1»' 
.1'  liiii;     I'll 


llii-    liii.h     .III     111    1  i|i;Hilii  iiiiii,    .111(1    .Ml    .1-    ii-im -riiliil    III 


-\         \  i\        N  Ml        N  III 


\l! 


.\1! 


i\-     ^  1  \     N'  \i>     ^  I"      N 1 1^     ^  'vi 


,(  M  M  I  <) 


in.  4 


(  )  -   M  ,  (  H  H  )  t  ' 


DC  -    5    I 


lu-    ni.'iiilur    DC    i-    in    (  <imi)n--i.'n     i.-'V'    ikhiikI- 
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Consider  the  load  at  joint  (.'»).     llu-  Uli-hand  abut- 
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Consider  the  load  at  joint  (»)•  In  tt'i-  '-i^^-  ''•''' 
the  ln;i(l  Will  Ik-  Miitporifd  i>>  «-.i' n  aDuliiHnt  ;  i.e.,  «-ii' li 
rciK  titm  will   Ik-  «.-qii:ii   to  .;,<««)  pound-. 

■llu-  mcnilx-r  .\H  may  h.-  simun  in  tiu-  Mellu.d  ul 
S<-.ti(.ns  to  Ik  in  C'oinpr»--i<>n  ;,.7.V>  pnun.N  and  llu- 
iiK-mlH-r-   IK'  and   FM  lu.ili  In    l.-iiMun  ;,,75o  pounds. 

'llu-  n-.uit>  (.1  tlu-  pn-ct-diiii;  dis.  u-sions  arc-  taliulalcd 
ill   liii.    147. 

The  Drad  and  I.ivo  Load  Strosso'^  h;ivinc;  ^K'cn 
determined  independently  of  one  another,  the  romhined 
el'fert  of  Dead  and  Live  Load  may  now  Ik  examined. 

As  previously  pointed  out,  the  De.id  I-oad  is  .  oin- 
poscd  of  the  \vei'i,'ht  of  tlie  truss  .md  any  fixed  obj.rts 
that  mav  »x?  on  the  l)ridtie.  This  heins;  the  ea-e,  tlie 
stresses  determined  l)y  .onsiderini;  the  De.id  Load  alone 
will  exist  when  the  hridi;e  is  not  in  use.  l-urthermoro, 
because  the  Dead  Lo.id  i-  .always  on  tlie  irus-.  tiure 
will  alwavs  exist  the  tendency  to  produce  tlie-e  Dead 
Load  Stresses,  .-ilthouijh,  as  will  Ik  seen,  these  stresses 
may  be  modified,  and  in  some  cases  reversed,  from  leii- 
sion  to  Compres'^ion   bv  the   Live   Load. 

.\  plus  sit;n  before  a  value  in  I-ii,'.  1 47  iudii  ales 
Tension,    a    nes^ative    sii,'n    inthiatint;    Compressinii. 

Considering  first  the  member  AB,  it  is  seen  from 
Pijr.  14-  that  this  member  is  alw.iys  in  Compn-ssion. 
The  maximum  combined  stress  due  to  De.id  and  Live 
Load  is  15,000  pounds,  i;iven  when  the  Live  Load  is 
over  joint   (2)   (Fisj.    141). 
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Fig.  147. 

Consider  the  member  DC.  Ibis  nu-mlx-r  is  in  r<n- 
sion  5,250  pounds,  due  to  llic  I)<-ad  Load,  llu-  ell.-,  t 
the  Liv<-  Load  taking  up  .1  position  at  joint  I  J)  is  to 
lestrov    1,250  pounds  of  the   De.id   Load    l\-nsi..ii. 

The  Live  Load  alone  .it  joints  (;0  •md  (4'  pl-i'cs  DC 
in  T«Mision  ;  that  is,  in  either  of  these  positions  ihe  Live 
Load  aui;ments  the  existing;  'li-iision  due  to  D,ad  i.o.id. 
It  is  evident  that  the  maximum  sti<-ss  in  1)1'  is  10,250 
pounds   Tension,  Riven  when  the  Live  Load  is  .it  joint  (5I. 
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reaches    ioint    l;,^   (l"i^'-     '4'^.    ' 


,(■    nuMiilH-r    I'l-:    uould    1h 


reaches    loiiu    i^i   '■■^-     ■* .  .      ■     •         ^\ 

,,,„linu    t..    pl.no    1-K    in    C  on.piv^s.on. 

Nou-     since    I'-l^    ..-.nn.^t    ^^ilhslan<l  C.Hnpre-.on.    the 
,,;,,..  ;,a.^  win   ,.nau>n,ovohnvan.  under  U^ 


^Sii£^ 


»5*-;-« 


\r;",  1!  11    ~  !  \  I !'  ~- 

,|„.  ■,,i,,|,  I)  :ricl  I  ■•ill  !r.M\.-  (.iilw.ii.l.  A  Ivii^i.n 
„„.„.,i„.,  pi. ,,,■(]  !i,.!;i  I)  I.-  r.  .1-  inili.  .il.'cl  'i\  l!l.'  <1m1!.(' 
line,  will  pr.N.n:  i)  .ii<l  <  !r"iii  nioxiii-  ■  .i;l  w  ,ii  <l,  .ni'i, 
III  .Mi>-..-.|urn'.-,  pn-.cnl  \  .md  I'.  Ii.'in  nu>\W'^  inv..ii.!. 
I  I,., I  ;-.  ,,  l.-n-i.'.ii  ir.ir.l.rr  pi, ,..•(!  .i..m  D  !•>  (  ,  ,ip.;Ml.- 
nl  I.ikin-  7;"  piiiinil-  -II.--  v.ill  r.li.-\.  !i;r  i;i.-:nliri  1-  1-. 
Ir,,ni  .■in\  i'i.iMlilv  \<<  li.  in-  pl.n  .-d  in  C  .mpi.' --i.  •n  v'nni 
ill,-    l.iw   l..i,Ml    i  >   .it    '••inl    1;,  . 

Ill,-  ;i)rnil»i  1- I-:  nni-l  Ix--  r.ip.ilili-  "I  lil-in-  5'-"'' 
Irn-iMn,  uhn  li  i-  tli.-  in.iNiiinnii  ...nilniHil    I '■  -nl    nn!   1-im 

I  ,,,iil    >^lir--.       Ihi-    -IM- til-    v.liinlli.     i.i    .■    I.i'.^'l    I- 

,il      :.  ii:i!     I  I  ■. 

Ill,-    ,iIh,\,-    !,■,.-. .iiin-    (in    ill- nl.-i  !.■  .11  r.    wliilc    nl 

;,n  :il;,,,,-i  -.■li-,'\i(i<-nt  ii.iiur.-,  ;i.u-l  ''•■  i  r.  ■  .-ni 'i-d  li\  tin- 
i,.,,,lrr  .-i-  m.Tcl>  .1  p'.pnl.ir  i'\pl.iii.,l  i.  m.  wlii'li  .niii.l 
|,,i,-(lb  -l.iiiii  .1  -.  i'liii'i'  lA.iniin.ili'in  \'illi<'.it  liiilli.' 
(•V  pl.ni.irKin. 

i  hr  r.Mil,  ,  .  jn  r.i-ilv  -i<-  tli.it  it  wi.iild  111-  iiniir.ic  lu  al 
I,  pl.i,,.  a  -iiKili  .  (iinpii'-- inn  iiu-irl  .i'  ,il.  .iil^-hK-  I' I',  to 
l.il,,.  lip  till-  .'Nil--  (  ..nipr.--iiin  wlini  t!i«'  I.i'.''  l.n.id.  i- 
,il  ;,,ini  IV.  ll,  li,i\\r\tr,  .1  <li.iL;'>ii.il  in.-niluT  lie  pl.i.  <(1 
iH.m  tlu.-  r.-mainini;  1  .  un.-r-  <  >l  Mir  p.m.-!,  it  i-.'\id.-nt 
I  hit  if  ri-  be  toiisidcrcd  as  ni»t  attiiiK,  and,  tlKTiIorc. 
left  out  i>f  the  problem.  I'.iat  thi-  'uu  di.i-.m.il  mcnilxr 
v\il!  1„.  ill  ■r,.n-l.in  wluii  liu'  l.i\r  i.",id  .iriivc-  at 
jnini  I  0.  '\>>  pro\<-  thi'  -t.,icii).nt ,  let  tlie  reader  take 
out  the  member  I'l;  in  l-ijjs.  I.<.<  and  III  and  i.pl.i.  <■ 
it  uilli  a  di.n;nn.i!  iiu-iulM-r  pl.i<  fd  liotii  tlif  olli.-r  r.inuTs 
,,|  til,,  pan.'].  li  llu-  Dt-ad  .-ind  Live  I.o.id  str.--i-'-  Ik- 
(Ktciniincd  for  ll>i<  new  iiicni'xT  and  tlien  cciiiihincd,  the 
nn'mtxT  will  \k-   Iniind    in  '["tMi-ion    75.^   |iniind-. 

Inlluence  Lines. 

.\  <in'\c  wliiih  -liiiw-  llif  \aiiatiiiii  <il  -tr<--  in  a.iv 
parti,  iil.ir  iiu-nilxT  nl  a  tin--  ,is  tin-  1-iw-  i..iad  in.>\<- 
nvcr   tin-    -I  I  111  lure   i-   kimun    .1--   .111    Inlhun.r   I. inc. 

I  lif  .il)()\c  dflinilinii  i-  .  .mipUic  in  a-  tar  a-  it  ^<k-^. 
Init  it  inav  In-  pninti-.l  out  lu'rc  tliat  .iir\<-~  \\iii.li  sli.iu 
the  \arialion  in  .^hcar  and  UtiidiiiL;  Monnnl  at  any  par- 
liciil.ir  point  or  -c,  linn  nt  a  !)od\  lor  a  mining;  load  an- 
,il-o   known   as  InlliKiuo   Linos. 

('ur\cs  whi.li  -how  tlu-  variation  ol  Sin---,  Slu-ar 
or  H«-iidini;  Moiiu-nt  lor  dilt<-rtnl  >i-rt'>.ni-  ol  a  l)o(l\  \vhil«- 
Ihi-  load  st.i\-  ill  one  parliiiilar  po-ilion  .•n<-  not  calU-il 
innin-nco  lines,  but  ha\c-  naiin-s  applit-d  to  tlu-ni  a.  . ordiiii; 
to  ihf   lunction   lliey   ripit-scnt. 


H-^ 


'^m^w^   T 


'  'I 


ft) 


ti 

if 


v""^!!^ 


^^^ 


M'li.ll  !•      ■>  I  A  I  H  ^. 


I  i  I 


X  V  V  H  N  I)  I  X . 

I  hi^  piiiliim  ()l  llir  l)()iik,  |)ii'--cnlf(l  :is  :in  :i|)])rM(lis. 
^i\(>  .111  cMri'imK  lu-.d  inclluid  <il  suKin;^  prulilcm- 
wliicll  rc^U'^i  il.ilc  tin  i!--!'  Ill  the  Inniciihir  l'(il\i;i>n.  1  In- 
ri'iidri-  milvl  niil  ((iiilii-r  the  |)(il\;;iin  (lni\((l  1)\  ihi^ 
mclliM(l  with  llir  li.iiiir  111  iIr-  r.i|iiilil)iium  I'dlxi^dii, 
.■illl)iini.;li,  .1^  l.ir  :i--  mrir  i,ii  inirl  i  ii  ;il  ouirmr  i--  (  nii- 
(  ciiU'd,  liiilh  :iir  idi'iil  i(  :fl.  In  llu-  li  lllll\^  ini;  (li--iu^-iiin 
llir  iiiii;in.'il  liiidv  :m  li-d  ii|)(iii  i'~  i  c  in>.idrri-d  ;i^  iiidi'linili-l) 
cMciidrd,  ,ind  ihc  iiii^iii.d  hni.--  .ni'  rrpl. m  rd  In  i.iin- 
|)iiiiinl>  wliiih  In  Ihi-ii-  pii-ilinn  i  ciimlfrin  I  nnr  .im  il  lur, 
lliiicli\  .illdwinL:  llu-  rc;idrr  In  rcdm  r  llu-  lunc--  In  :in 
ii|iii\  ,ilrni  p.iir.  llu-  piiK^iiii  so  drr'nt-d  i-,  Im'  w.inl  i>l 
.1  new  Ti.iiiu-.  I  ,ill(-d  li\  ll.r  writt-r  .i  "  I- imii  iil.ii'  I 'i  il\  j^i  m," 
;dtli(iiiul  il  i--  li'lK  rt-i  iii^ni/i-d  llial.  --i  i  ;ipplird.  llu-  n.iiiu- 
i-   .m    .ii.  ■iliili-    mi-iuiiiu-r. 


THi:   I  INICri.AR   POLYGON     SHCONI)   (IRAPHI- 
CAI.  CONDITION    OI     KQUILIHRIl'.M. 

Uruphicai  Location  of  the  Resultant  of  a  Set  of  I-'orccs. 


It  li.is  l)t-(-ii  ;ilri-;id\  >-lu>\\ii  lll;il  llu-  ir--iill;ml  <il  ;i 
x-t  <►!  rnri't".  \\  hirli  :i(  I  ;il  ^i  luiiiil  aUo  ;irl--  ;il  llu-  simic 
point,  thus  niakiiii;  llu-  prohli-m  ol  locatiiii;  tlu-  ri-siilt;ml 
a  \t-T\  simpit-  oru-  lor  thai  |iar'ii(  iilar  lasc.  1  lure-  arise, 
ho\\t-\(-r,  nuiiu-roiis  cases  where-  llu-  lom-s  romprisint; 
;i  set  do  not  ai  1  at  a  point,  so  thai  tlu-  pre\ioiis  method 
ol  loealint;  the  n-sullaiii  dot-s  not  ajiplv.  II  tlu-  lines  ol 
action  ol  the  forces  lomprisint^  tlu-  set  intersect  within 
reasonal)le  limits,  the  ri-siiltant  niif;ht  he  located  as 
lollows  :  — 

I.i-t  I',  O,  S,  and  r  (I'ifi.  _\o)  represent  a  set  of 
coplan  II'  fori  es.  Suhstitute  lor  1'  an<l  (J  their  resultant 
R  I .  Ki,  S,  and  I  are  then  i-(|ui\alent  to  tlu-  orii;inal 
set.  R(-j)lac(-  Ki  aiul  S  h\  llu-ir  ri-sull.uU  1\J.  K  J  and  1' 
ai(-  .also  e(|ui\.dent  to  the  original  set  ol  lories.  Suh- 
stitute for  Uj  .'ind  T  their  resultant  K^,  which  must  then 
he  the  t-tjui\ak-nt  of  the  oriijinal  forces  I',  O,  S,  aiul  T; 
i.(-.,  K^  is  the  r<-(|uired  ri-sultant.  I  h  is  l)v  a  process  of 
comhin.ition  and  elimination,  the  result.int  of  a  set  of 
fortes  niav  he  located.    When,   however,   some  or  :tll  of 


i'l 
i»  I 


,,1     ,,.  liMll,     IIU-     i: 

1    ,  ■      I'      (  ),     ,lMii     ^       I    I 


M  ft   II    ' 

;,,,,,, I    p. II  .illil  liiii  ~ 

,  ih,„|    IS   iinin.ii  ti'  .il'l''- 

;,i    I,.-   ;un     -I    "I    ...,.l.m.. 


„.■,,■    i.-sull.tiil.    wlii'  " 


>-        lU'i 


K-suM.Mii .    •  ,  ,,„■ 


il     til 


..     v.„i..n~     lnr..s;     „,     tin- 


.  I  s  r  ,     '■ ' 


..■1>!.  -.1.1. 111.'"-    " ,■■;■■  ,  ,    ,,,,    ,   :-,,,l.-  .Ir.Hvr,   11 

■•miv   ufiu-r.il    :ni.l  .'VV'"        "  '         - 

,     ,1!,-1    1.11..-. 


A3 


1  iji.  :«». 


"■"iTA   f.rcc  mav  he  replaced  by   its  components  at 
any   point  <.n   its  line   of  action. 
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(  oinridf  with  ihf  line  til  ailinii  ol  tlif  c onipoiU'iil  OM  of 
llic  tunc  I'.  I'lcxlinf  tin-  line  iil  ;i(  lioii  ot  ()(.'  to  intcr- 
s,(  t  the  liiK'  ot  :ii  tii)ii  nl  S  at  W.  and  at  W  ifplacc  S 
l)v   its  two  (ompoiRMits   ri'prisfiitfd  hv  CO  and   Ol). 
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|l,_.  MM'I   II   l>      -I   \l  I'   '■• 

111.'  loiv.'s   I',  (J.  .111.1   S  h.iM'  1..  .n   ui.I.ti.cl  l)\   llu-ir 
r,.s|„rli\,.    ...inp.m.nls.    ., .    lh.,1     in    pl.i.  >•    .'I     llu-   -  m  l-il.:,l 
r,,r,r.     thriv    .nv    nou     ^irlin^     lln-     t.u.r.     \(  ),    Ol!.    I'.<> 
()(,    ((),    ,,M(1    Ol).      It    i-    -«■'•",   liow.s.i.    Ih.it    <>K    :m(l 
I'.o'  ,,iv   "lun     Inn,-   nl      ,.<|iuil    ni.iL^nitudr,    :m  linu     ^^"'l 
,,|,p,,.ilr    M^ns,-  in    \\u-    s;nnr    linr   ..I    ;m  I  i.  .n.  •    I  luir  HUrt 
,,„    ,|„,    ,.,|uililHiimi    ..I    Ilu'    Imdy    is,    tlinvl. .iv,    /.m       In 
llu-  Sinn.-   w.iv,   <)(■  ;in<i   ( '( )  ,  nun1rr:irt   one   .inullirr,   lluis 
l,..i\in!;     \()  '^m<l    OD,    -•   iImI    ..-    I:n-    ;i-    ^mIu;,I    >ll,r|    i. 
,,,n,,in.,i    AO    and   OI)   arc   cquivaltnt   to  the    original 
forces,      lint     \<)    :iii<l    «)l)   ■■''■<■■    l^\'>    rnnip..n.nls    (.1     Al), 
,„■    ,ninr,M.lv,      \l)    is    llu-    ivsult.ml    ol      liu-    ^^^n    l-n.-s 
\()    ,n<l  ()!)■  i..-.,  Irnin  (j),  AO  ^m.l  OD  n,.,y  he  i.|.I.h.-,1 
;„    ,],.■  inlrrs.T.inn    ..I    ihrir    li.u-s   ,,1    ;.li..n    (thr    pmut    /I 
1,\    Al).     Al).    hnw.v.r,   is    llu-    nsnltnnl    ol    tin-    oiii^mal 
s,'-i   ol    loiv.'s   which   it    was   if(|uir,'(l   to  1<m  ale. 


i^'t 


The  lunicular  I»ol>gon. 

In  li..  ',1  tlu-  poh-on  \N  W/.  lornud  by  thr  lin.s 
n-pr.-sriuin-llu-  .lin.  lions  „l  llu'  r.-pli.  ii>ii  ro,U|.nnrnls 
is  >.ix,n  tlu'  ti.inu'  ..r  a  !-unicular  i'olyfion.  I  Ins  poh-on 
„„rsl  not  l.r  conlnsrd  in  any  w.iy  nmiI'  l'"'  ^'•"-"■ 
polvi^on,  n..r  uilh  tlu'  liius  ,l,awn  In.in  thf  ix-mt  O  lo 
the'  v.Mlor  p..lvy(.n.  This  last  nu-nlionr.l  point  O  is 
known  as  a  ••p-K'."  whirl,.  L.^hIut  "'"1;  'I^-'  -•'""■■ 
.lia-r.nn  an.l  the  lin.s  to  ( ),   loin,   a    Polar  Diagram. 

The   Resultant  Couple. 

TlHT,-  .nis.-  n,anv  .as,-  ol  s..ts  of  lonvs  wlu'iv.  ,f 
,1,,.  v,,tor  polM:..n  !„■  .Irawn.  il  is  l.mn.l  lo  .l.-s,',  r.n.l 
v,-l   ih,'  r,.nvsa>v  nol   in  .■qnilihrinm.     For  instan,-,'     ,1   ,n 

l.-j h.'    N.'.lor    n.>lvo..n     \(K   I,,'   drawn    tor    ih.-    s.-l 

„M.,rr..s  !•,  (),  and  .S  as  n-pr.-.'nt.-.l,  il  is  h.nnd  lo  .I'-sf. 
Bnl  it  is  .•xi.ii'nl  tlKil  s,„  h  a  s,.l  ol  l.-n.-  w.uild  p,-..du.  .• 
,,  n.tali,.n  of  llx'  hodv  :  that  is,  ih.-r,-  is  not  .■qn.lihnnn,, 
allhoiiL;!,    t'"'    r.'snltanl    lort  .-    is   /oro  * 

I,  will  lli.is  1„-  s,.,.n  that  .as,-  may  ari^r  wlu-n  a 
s,.t  ..I  l..r.vs  a.ls  upon  a  h.uh  .  s,„h  ihal.  although  whal 
w,-  t.'rni  Ihr  resultant  force  sanish.-,  th.r.-  1^  v.t  a 
,„olion  ..t  r.>t.ati..n  .ib.uU  s,>n,.  p..inl  in  th.-  '""'l)'  ■"'' 
w,-   s,H.ak   ..I   the   Ion.-   as  ..luiv  al.nl    liu'n   1.)  a   resultant 

couple. 


-n,v.v    tor..-    1-    \>,-    m    .quihlH  111.1     must     ...  t    .n     .' 


pLlIll. 


II 


\ 


M'l'l  IM)     -I  \l  II  «•.  "'^ 

Driu  llu'  luniriil:ii  |„.l\-(.n  loi  I'.  <J,  and  S,  and 
it  will  !..■  I<imi<l  lli.ii  'li'-  lii-l  •""'  '•'-'  '""M"""'"-  <'" 
IK, I  iiil.T-irl  nnc  ;inctli.  I.  il  lliiir  (iin-.  linns  lur  pio- 
<lur,-(l.    Inn    llKil    llu'v    U.i\c   |>.n-,illfl    lin.->   <>l    ,i(  li.in. 


Fig.  32. 


I"\ 


M'I'I.II  !>      >.  I  \l  II  ^• 


Sill..'  ill.'-.-  lii^l  ;in<l  l.i-l  .  i)in|)..iiiiiis  .nr  ..I  i-.  iril 
ni;i-nilu<l.-  :m.l  :,.  I  in  lli.'  ..pi"'-i'''  -•  n-,-,  lii.v  ;<>rm  a 
,,„,pl,-,  wlii.  h  i-  .-.ill'"!  111.'  Resultant  Couple 

Second    (iraphical   Condition   oj   Ilqiiilihrium. 

II  in  ilu'  l.i-l  iiri.|ii.-ili.>n  ;iii(l  in  ill.-  "H"'  pn-i  i-ding 
il,  il„.  lin.'^  ..I  .M  li..n  ..I  111.'  'n^l  .in.l  l.i^l  .  .  .nipr.lRMits 
li.'id  l..-.n  i.iin.  i.l.nl.  lli.-.'  I""  .  .  >inpc  .lu-nl  >  \\..nl(l  lln'il 
.cnnl.T.i.  I  ..n.-  ..noili.i.  -.-  ill. it  tli.-  .•lid  "I  .iH  '1'l' 
r.pl;i.  in-  i.>mi)..ii.nlv  v,..iil.l  1m'  /.t..,  ..r.  in  ..lli.T  v..iril-. 
Ilic  oriyiiKil   loiv.-s   \\..iii(l  111-  in  .•.niililiriimi. 

S...    Ilu'ii.    a-    :i    sc,,.n.l    o  ,-:ip|ii,:il   ,  .>n.liti<iii    ol    .•<|uili- 

l.iiuin.   the  first   and  last   components  of    the   funicular 
polyjion   must  have  their  lines  of  acti<m  coincident. 

Tlii^  is  . ,11.11  ni.Mc  ...ii.iscly  -l..t.'<l  l)v  s;i\ini;  tli:it 
the  funicular  polygon  must  close.  k.<pini;  in  min.l  wb.it 
is   meant   l)\    tlu'   \\i>i<l   "<  \i>'-<-'- 


i  ' 


Graphical  and    Analytical    Determination   of    the 
Resultant. 


( irapliii  :il. 
Wct.ir    l'.i!yi,'.in    i;i\.s    tlu' 
niai;nilinli',         diivrlinn, 
,Tii<l     sense     1)1      till'     I'l'- 
sultaiit. 


.\nal\lii  al. 

:i\      Nk. 

Ian   "        - 


ly 


Kunii-iilar  l'(.lyi;(>i)  loiales 
tlif  line  III'  a.  linn  ol  llie 
resultant. 


i..M        Mk. 


Conditions  of   F.quilihrium. 


( il  aphiial. 
Vector     TdIvs;.)!!     must 

I  IdsC. 

l-"uniiiilar    P.ilvi^.m    must 
'lose. 


.\nalyti.:il. 

^:X  o. 
i.\-  o. 
^^M       o. 


k-xs^^iigaii<-i^.ja& 
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INTKODUCrOKY 

,,lra  ..|  In  >in-  ll'r  Minlrnl  t^'  r.~\,r  liu'  -iiKi..!  -i  \|>;.lici|  ^la'.u'-- 
uiili  llu-  IraM'rxiHM.iitinv  ..i  'Mir  111  .lUv  I.,  i.riii-  iln-  al.-Mt 
ll,^  ..niMaiuliii-  iraliirr-  ..|  liir  -'Im-.m  lia\r  Lrui  -utinir.l  -'i 
llu-.r   niu-U-n-.   'iMit    1 1  ir   rrpl.  r   iini-l    rK-arA    innKv-Miid    llial    ,l 


U'lf   an-wrniiu    "i"    I'l''   'i"'~''""    '"    ''"' 


wlial     1-    al"iir    ilr~iia'il. 


(  )in  -II'  '11    .'^.   I'  'I"    iii-laiuT,   nia\    l.r   aii~\\ 


in  il   \'\    -a\  iiil;    iliat    :1    a 


M-t  .,1  r-r.T-  Ic  Ml  r'Hiiiil'ViiMi,  llu  v>-.-t..v  ih,l_\--ii  innM  rl..-.'. 
•n,,.  ;,n-v\>a  1-  l.a-r,l  -ii  llu-  iaa~-iMii-  iha;  llir  >■!  — ni-  'nu-  ..l 
,1,,,  \,,M..r  |M.!v-.ai  ui\>'-  i'h-  •na'_;iiil  udr.  (jiiani.iti.  ami  -cii-r  "I 
ll,,.  !-,■-. ihaiil,a~iul  -HUT  ,,  ->  ■  -I  u  ,v.  -  in  r.  |iulil,vmni  lia-  ;m 
,-r-iillant.  llu-  Nrrl-i-  i-lx'-'ii  l.  a"  :lr-  ra-r  rl^^-r-.  h,  i-  a  r-iii- 
,„Tluai-uai  ..\  ihr  piuu-ii.U-  1.>1  muI  llu-  'jUv-li.'ti  llial  i-  ;+4-«^.l  at^^ 

riic  -Mulnil  1-  111-. -.1  1..  ivnuinlici-  llial  in  >  \  >-r\  iivMi-iii 
,,!„.,,.  a  ->-!  -I  |..|-r,-  ■-  >-..i,--.K-rr.l.  llun  niii-l  \n-  --in,  U..,l> 
;,ru-.l  iilM'ii  \  riA  ..lu-ii  llu-  -'K  I-  11-1  rri.i-.  ->nu-,l.  a-  in  tlu- 
..;,-,  v^hriT  a  -rt'..l  ua.T-  I-  i.,,i-.-rnU-.l  arLuiari'v  ■  ai  a  -lu-.-t 
,,|   p-iprr    l.lll    iu-\ri-!lu-K--.   ilu  IT   u  • 'nM   liaxr  1-   lu-  a   l-ds    arU-(l 


.•-,ji-A.' 


nil'  'II    >-\  rll    III    I  lu--c 


-nrli  I'l'  I'  '  iii~  .1*  llu-  la-I  inrn- 
ti'.'iu-'l.  llu  rrpi-. -rnta!-"-!  -i  iIt  1""1>  '-  ''''  nW m i n ] .  1  >  luraii-.' 
ii-  -liaiu-  lia-  11"  'liiv  '1  I'ranii'.'  "u  ll'.   i';"l'i.in. 

1,1  ^.\,.,-\  .-a-'.-.  II  \\ill  -a\.  i1h-  -liuKii;  a  ui'-al  dral  "I  tinu- 
,1  ,1,^.  1„„1,  ;„-,r'l  !i;"'ll  I"  llu-  Mi'.l.'rlll  It  k.pl  .  Ic  Ini  ■  1  rl  \  ill  llini'l. 
ll  ,ln-  1-  il'.iu-.  II  .-an  .-a-iA  1..  -..-u.  lli.at  llu-  l-'lv  Itihl;  rU-avIv 
,„n!nu-.l.  llu-  i-iaa--  .ulniL'  -n  K  .'an  r.a.Mv  It  I'lrkol  "ill  ami 
llu-  (U--iia-il   ml'  'iinal''  'ii   '  ''ilanu  '1. 

it  inn-1  It  t-cT"--:ii.'.'l  ili.ai  i!u-  M.-'a-'l  "i  -.■■■I'-n-  i-  u-i  :i 
,i,,tli."l  pariu-u'arv  1"  It  a"i>-..!  1"  .TVlain  pvliKin-.  Ini;  i-  'ii 
,-.,,lu\  n-.-.l  m  a'l  -lalu-al  ..i-"i';rni-,  W  lu-iu-\  .-r  -'lu-  '■"iiH.lrr- 
;,  .,,  '.a"  U'lT.--  a. -nil-  "II  a  l.."l>.  a  -r.-lU'ii  lia-  It.m  lak.n  avinul 
-,,nu-  1"  '!-li"n  'I  lUaT-na;  w  liu  li  iiia\  .  \rn 
1,".1\  .  ami  llii-  ■-'  -iali'  'ii  '  '1  a 

(  .|'    -iTl  I'  '11-, 

1,,    ..eiuTil      il     ul'.I    It    I""'  '1    ill:"     •'■«■    'iiu  -li:'n-    1"'1"\\     llu- 
,,,,,,,  ,,niu-  :,>-tni.-.-"iM--'   .an  1  l   •  iu:].  -nil  !nrllu-v.  tin-  ninnl'.-v- 

,,i  ,1;^.  ,,.,-^r-  in  llu    -'-M   i K.  1-  arniL;  "ii  llu-  i'r;n.-i,,lr-  in\"U.-'i. 

l,:nr   lu-.-n  '^ix.-i   all.i    ■  a.li   "/a.  -lU'ii    aluv,    it--'!.'--. 

Till  i>     Iv     L>  ll    I  »'  »\ 


I'all    "I    a    aii-:,ir 
1,.  ,,1  >   ai-li-.l  '  -n  .-■  'ii-ir.iiu-  llu-  iiu-lli.  "1 


a- 


APPI.IED  STATICS 

ll   ^,,„  l,;,s,.  r.^l   .l.m.    -. ..  r.  a.l  •  v  r,    llu    ml  v  ..liu't -n   l-  tlu-.- 

:i  -1 1'  '11-. 
.  I.      \\  l,,it   1-  nu.mi   \>\    a   •-i:i1um!    i  »i.i-i:iin :-      i')-l'"     . 
.  _.,      -l,,,u   i,,,u   1..  MM-   l'...v\'-   \..',aii-ii.     I  i"i 
,   ^       \\  hai   1-  nuair,   l.\    a   Ki  -iiiiaiu    1  • 'laT  r      i  loi 

J       D.liiu-    llu     I  Miir.il'iiiiiii    -1-    I'.alaiuMim    I  "r>->'     "I     ;'     -i''     "I 

|.  .l.T-  Mil, 

-        |.  llu-,-,.  ;,,,,    ,,lati-n  l.rtuian   .Ik-   Kr-iiltant  aiul  tlu'   I'.alaiu- 

,1,.^    1'.  .na     ..f   l!ir    -allU-    ->  1    "I    !■ 'lin- :       MM. 
,,       Slew    la'W    I-  iind  ui:ii>!ii'-:i''>    llir  liia-iiiuuli'.  <lii-tH-li' '".  ■•("■l 
^,ii-.'  "I   tlir   Ki-nllaiil   -I  aii>    -rt  -i"  f-iaa-.      i  M  - 1  .^  i 
^  -       1,   ,.,   ,,.t   -I    I'-ica-  1-  111   >Minlil  n-i!i.  ulial    i-  llu-    Ma-intiuK' 

el"   iluir    Ur-u':taiii  :      i_Uj.i    jj^     /^      ^ 
■  S,      --tau.  tlu-ii.  .'lU'  urai.ln.al  r..n.!ui..ii  -I  .■.luilil-rimn.     '  Ml  • 


■*      ,,.      \\  lull  1-  iiuaiii  li\  a  pan-  '  ■!   l\^-"i\i 
.    i<  I.      If   tlir   aiiu'i 


lliclll. 


all 


^■i\  I 'art-  ..I  a  l-n'i--  M  41 
I  iii,-|inali"ii  ■■!  a  I'^HT  Ik-  laUrlt  uilll  n-UT- 
^•n>T  i-  tlu-  l'..n/..ntal.  ainl  ii  iIk'  li.  .vi/.  .nial  aiul  \.-ni>-al 
,■^.>,,l\^■(l  ].  t-  "I  :i  i"i'<'  l'>-  'lc-mii:iti-il  l'>  A  and  ) 
la-po-inrU.  tlun  .V  -I  i"icr  '■■wc  x  o-  aui^K-  ..1  m- 
,.l,„:,t,..-i.    V    ..1    I..ia-i-  l-ri-i-   .r    miu-    aii^ic-    <'l    iiirl-i 

atv  'II.      1171 
,,.   alM.\r   vrlati..-.i-   :.'■«.-   i-\t  i- iiu-'.v    1111] '■  .rl  ant .      i^-nu-mlK-r 

l„   uli.-n    -Mi-r  .1..  p.  -i'u.-   .V-  ami    T'-  act  i^     'ilu-  M|,i...Mt.- 


-    12.      Show  that    i  .V        .V,„    i  )  1|.-    i-^.V 

MV      What    is   th.    value   of  both    1   .V    and    i   J"   when   the  set   of 
forces  is  in  eqiiilihriuni  •■'        -'7' 
^    I,       n^'inu-  tlu-  m.iiiunl  m|   a   \''V^\-  al'^nt   a  |h.iiiI.      i  _•-' i 
.J,    1;.      What    >-..ii\rnti..n    lia\r    V'li   l'>rn    11-111-    a-    i"   i—nuc   and 

m'L;ati\  >■   m-  'iiu  lU-  '      '  -'-  ' 
^   ,(,,      I'n.Vi-  i  .1/        .I/,-      '-M'  -,  J^! 

^1;,      \\l,a!    ,-  llu-   \alur  Ml  iL^/   wlu-ii    llu-    -'t    oi     |.  .rn-    1-    m 
i',|ml;liinim  '     1  -'7  • 
>\*«      iS       Mail-  llu-  iln-r.   aiialMU-ai  c.ndni.Mi-  ..I  i-Mii'lil"-'""'-     '-7'- 
.^1,,      (  ,.n-inu-,     .lia-raiu-    -li-w  m-^    tlu-    i-rm    ..1     llu-    l-il-um;^ 
lrn--c-;    l-rnu-li.    I  ink.    W  arn-n.   ami    I'ratl. 
»—        .'■'.      What    1-  nuMni   \'\    a   \'U\    i-iitici   trn—'      Miii 
.—        M        l-si.Iam    what    1-    iiuant    liv     ilu-    -laU-nunt  :    -i '.  m-nl.r    tlu- 
i,,wa-  at   a   >-rria:n    l-ml   -I   a   irii--.''      What    i-  thr  h.-lv 
aiti  ll   iipMii  '■      M  M  I 
■v.—      jj       vi,,,,,    1,,  u     1,,    ,l,;>rniiiu-    ahiitnuiii    v.a>ii..n-    analx  i  ually. 
I  aki-  :.  >-a-i    •■!   a   \\  arrti    ti  11--       '  .^-  ' 


If 

r 


M'l'l.ll  I)     ST  \TI*.'> 

.!    '    llaMii'.    -..Uc.l    ill.-    alMiluuut    r.;irn...i~    m    ,|iu -li.  .n     ■->.   '\- 
,..nnnu-tlu-  M.v^~  ii  ;.  U'u   ..l   Uu    „u,ul..r-  ..i   ilu    in,~- 

I'ic-ii'  ;il   i1m    aliiitni    nt. 

"*■  M,-.-^   in   ;nn    '.l.-nv,!   nu.nln-v  ..1    tin-   <nnr   uu~~   uul: 

,„„   liaMii-   i..   u.'vk    I'n.n.   i-un    t..   i-.m!   till   ihr   .Kmu'.I 
nu'inlav  I-  vi'ai'lu'il.      i  V 

,;  C.uMnuM  tlu-  ^M-r--  .Ik,-;.,,,  h  .V  a  I'vat.  nn^~  ^m-l-'^t'!'-: 
M«HM"'nu.l>  a,  .arn  ,,.,Mt  Drau  a  Mrc^~  .l>a:;ram  lu, 
;,'  Warnn    tn,^-    unl,    a    l-ad    ..i    !,(««.   i"'nn.N   at    each 

.„       \\l,al"i!nc-ann'.n.     -nuM    l>.    ..l.^cr...l    wIhm,    the-    «'l"^";;;;'; 

.-  ,  Thr    l-.n.nl.l.vinm    -r    JM'ni.'ular    I'mIxl;",,    ropu-rnt^    a    pn,    ■ 
'„„„'„,.l    n,,„u-     Mvnr.ur.     ^^l^.■h     ivpla..-    llu;    ,.r.^n>.. 
1„„1n    a!i.l  n-  -haiK-  -n.-  tlu-  .K-irr.l  ml.  ..niati.  m.     (4'  • 
..S;M|-   a    -fi    ■•l'   I"ivc~   Ik-   in    .■.|niHl.i  inm,   uh^tt    l-nn    .l..c-   llu' 

I'unii-ular    l'..l\'^"n   t  il<>:-      1131 
M,      Stall'  tlu-  tuo  .^laiiliiral  ouiditi-n-  ..I  >-.|uilil.riuni.     M3' 
•o   -sl„,w  I1..U  t..liu.lalMUnuin  r.-artiMn. -rai.hically.     (<.S. 
■;,■   M)H,iu-   tlu-,\.,-tu-al    MK-;rin,    l-.v.  aii.l   th.    iWiul.n,    M .  >- 
nu-m".\f  am   -rcti-ii  m  a  l.-.-ain.     t  55  ;""'  .->/  ' 
■riu-i-  tu-  <lcl'i;-..ti..n^  itui.-l  W  rcmunbucd  aii.l  uinUt-tM,  h1. 

•^  4no,.,,ui,.N   ,.la.H-.i  a.    10.  .u.   an.l   ,V  •     -t    n-m     lu-   lUt 

•,l,„„m-nt.      l-ni.ltlu-   \.  -     l'-  an.l    1 '.     M     at   ^-„,m~   ,, 

,,,    ,,.  an.l    ^1    t\i-t    n-tii  tlu-  K-n   ai.ntnunt. 

H        \  l,.an,  JoiVct   l..nu  M,|,,...t~a  nnif..nnlv    't-tnluncl  I  ■■.v\ 

•^•^  :,     -,K,,„.nn,K   ..v.i-   tlu-   nululiaiul   ball    an.l   a   o„uH-n- 

n-aU-,1   l..a.l  ..1    H«M-'""1~   ^"   ^>   'l'^';'"'-^'  ;"„■'';■"',"■'"!' 
,lu-  K-tt  al.utin.nt.      1  mi.I  ,1u-  \.  -      -.ami   !•■  M    at  ^c.- 
,„,„.  ;    ,,,   II.  an.l   1^    .Ti   IV.  .n;  ilu-  U-it  alr,unu-nt. 
,,       cnMHU-l'tlu-   \-  .V    I      .lia^vain.   f,  ,r  .|U.-~tu  .n~  ,^J  ami  XV 
\;       What    1^   nu-an,    U^    lit.    Mal.nunl    llial    ll'^c   ..r.hnaU-   mI    tlu- 
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